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THE PHILIPPINE JOURNAL OF SCIENCE. 

Tin* Huroni of (iovernmcnt Laboratories of the Philippine Islands, 
after an existence of four rears under that title, has been enlarged in its 
scope hy the addition of the former Hureau of Mines, and in order to 
emphasize this general increase in its functions the name has been 
changed to that of the Hureau of Science. As was the ease with the 
former Hureau. the new one will conduct investigations on general chem¬ 
ical and biological problems involving bacteriology and immunity, the 
production, improvement, and standardization of sera and prophylactics, 
pathology, the etiology, treatment, and prophylaxis of tropical diseases, 
botanv. entomology, and a study of the avifauna of the Islands; chemical 
ipiestions relating to the natural products and resources of the Philip¬ 
pines and other subjects which come within the scope of a collection of 
laboratories. In the future, owing to the consolidation with the Hureau 
of Mines, the Hureau of Science will also undertake work in geology, 
paleontology, mineralogy, and on mines and mining engineering. 

In the. past, the research work of the Bureau lias appeared in a series of 
bulletins, thirty-six in number, the individual ones of which have been 
distributed to the public on demand. In altering the scope of the insti¬ 
tution it seemed expedient to change the form in which the work should 
appear. Therefore, the Hureau of Science has decided to publish its 
researches in a journal to be conducted under the auspices ol the Bureau. 
This periodical will contain original articles by members of the Hureau 
staff as well as by others- who. in the Philippine Islands or adjacent 
countries of the Orient, arc doing scientific work of the proper character. 
The JoniN vi. will thus have the unique function of expressing the united 
scientific results achieved in contiguous countries situated in the Tropics. 
With the growing interest which is being taken not only in tropical 
medicine but in the agricultural and mineral resources of these regions, 
it seems certain that a publication of the character which is proposed wil^ 
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secure a largo number of readers. In the beginning it would not bo 
expedient to put out the Joukxal in sections devoted to individual realms 
of science, it being bettor to unite all phases of work in one periodical. 
At a later date, when the number of investigators in the Islands will have 
increased and when tin* contributions from outside sources will be of 
sufficient number, the 1 JontxAi. can be divided into proper sections, each 
one of which will be issued as a separate volume. 

Considering the interest which has bent manifested in the past in the 
bulletins of the Ihtreau of (Jovernment Laboratories and the certainty 
that the same, or even a higher, standard of work will he maintained in 
the future, the permanency of Tiik Philippine Journal of Science is 
assured, and while individual readers may find papers in it which have 
no connection with their particular specialty, in the course of a year it is 
certain that one? or more important researches on each line of investiga¬ 
tions will be published. 

Paul C. Cheek, 

Pi reel nr nf I he Hamm of Seienee. 



ON THE WATER RELATIONS OF THE COCONUT PALM 
(COCOS NUCIFERA)—ON THE OIL PRODUCED FROM 
THE NIJTS-THE FACTORS ENTERING INTO 
THE RANCIDITY OF THE OIL, AND THE 
INSECTS ATTACKING THE TREES. 


Introduction by Papi. (’. Kkkeii. 


Investigations on the subject of the eoeonut palm (('oms nurifera) 
have been carried on in the Rureau of Government Laboratories for the 
|wist- eighteen months. The work has been divided into three parts and 
brought to its present stale by cooperation lad ween several divisions of 
the institution. It will he published in serial form in the Joi;hn,\l. The 
lirst portion covers the water relations of tin* tree from the standpoint of 
iU physiology, by Dr. Kdwin Ringham Copeland, who spent several 
months on a plantation studying this question from an experimental 
standpoint. 'The second paper eo\ers the eoeonut in its relation to the 
eult-ivation of the tree and tin* production of coconut oil, and includes a 
study of the deterioration both of the copra and the oil by reason of 
rancidity caused by molds and bacterial growth, by Herbert S. Walker; 
ami in conclusion then* is added a study of the insects which attack the 
plant, together with surest ions as to the best means of combating their 
depredations, by Charles S. Ihmks and William Schultze. 

Rv this union of the laboratory work, the study of this most important 
tropical tree has been carried to an extent which not only will enable the 
conclusions to be of groat value to planters but which will also have a 
scientific interest for those who are not immediately interested in coconut 
production. One topic- which is of especial importance is still under 
investigation and not ready for publication. This is the study of the 
germinating nut together with tin* transformation which the oil undergoes 
during the* growth of the embryo. This topic offers an opportunity for 
the study of the enzymes in a germinating plant which is unsurpassed, 
as the size of the seed of the eoeonut and the ease with which it is sepa¬ 
rated into its various constituent parts brings a certainty of results not 
to he encountered in other instances. This portion of the investigation 
is now being followed in the chemical laboratory. When the serial on 
the subjects mentioned above has been completed it will he published as 
a separate reprint. 
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San Kamon Government Farm, where most of these investigations were 
carried on, lies on the west coast of Mindanao 10 miles north of the town 
of Zamboanga. It extends for about 2 miles along the seacoast and 
toward tin* interior for .‘1 or 4 miles, to the base of a small range of 
densely wooded mountains, which forms an admirable watershed. 

Four small streams run through San iiamon from the mountains to 
the sea. It is very probable that there is considerable underground 
drainage as well, for fresh water may be obtained at a depth of 5 or (> 
feet almost anywhere along the shore, even at the edge of the heaeh. At; 
present copra and hemp are the principal products of the farm, together 
with a little cacao. 

At the time of writing all tin* coconut trees used for making copra at 
San Ihimon were planted by the 1 Spanish, hut large numbers of new ones 
are being set every year from selected seed, for which only the largest and 
best nuts arc taken. They are laid out on the ground in a sheltered 
place and a small section of husk is cut from the top of each to afford a 
more easy ogress for the sprout. At the end of about six months' time, 
when the sprout is from 2 to feet high and the nut has just begun to 
take* root in the ground, it is ready for planting. For this purpose a 
hole about 2 feet deep is prepared and the young plant is firmly, packed 
with the soil, so that the sprout stands erect and the top of the nut is f» to 
It) inches below the surface. As a protection against wild hogs it has of 
late been I lie custom to dig a pH 1 or o feet deep and to plant (la* nuts 
at the bottom of this. The seedlings are set out in straight rows, allow¬ 
ing a space of about 10 meters between each plant. 

After planting, the young coconut requires very little cure, except to 
keep it free from weeds and the attacks of animals and insects, until it 
reaches maturity. The average time before a tree begins to give a good 
yield of fruit may be set at ten years. Instances have been known when 
hearing commenced as early as the fifth year, hut these are of rare occur¬ 
rences and under exceptionally favorable circumstances. 

The process in use for preparing copra is very simple. The nuts are 
gathered by natives, who climb the trees, cut off the ripe or nearly ripe 
fruit, and let it fall to the ground. No especial cure is taken to prevent 
damage by falling. The nuts are then piled in a heap and allowed to 
stand for a few weeks before 1 being opened. To remove the outer, fibrous 
husk the natives make use* of a heavy spearhead iirndy sunk in the ground. 
They force the nut down on the sharp point until it penetrates to the 
shell, then, hv a peculiar twist, strip off the husk, a portion at a time. 
One man can husk, on an average, 1,000 nuts per day. 

After being thus prepared the coconuts are split in halves by a couple 
of sharp blows from the hack of a holo. The milk is allowed to go to 
waste on the ground. 

Dryiny. —The simplest, method of drying the meat is to spread out the 
halves of the coconut on large* wooden trays, face up, in the sun. At 



night ami in case of rain the trays arc piled under a shed. After stand¬ 
ing in the sun for two or three days the meat becomes partially dry and 
has shrunken sufficiently to permit its removal from the shell. It is 
then put hack on the trays and again exposed for a few days until it is 
tborough ly desiccated. 

The other method of preparing copra in use at San Ramon is to pile 
the coconut halves, face downward, on a bamboo grating over a slow tire 
of husks which is burning in a thick-walled brick kiln about t> foot high, 
the whole being inclosed in a large* shod. By this arrangement it is 
sufficient to dry the nuts over night before removing tin* shells. 

After heaiing the meat in the same manner during four or live hours 
on the next day, it is ready to store for the market. “(J rill-dried" copra 
prepared in this way is not quite so liable to bo attacked bv insects and 
molds, but on account of its dark color and slightly smoky Mayor it is 
considered inferior in quality to the sun-dried article. 



ON THE WATER RELATIONS OF THE COCONUT PALM 
(COCOS NUC1FERA). 


Hv Kuwix Hinuham (-oi*k.i.axij. 

(b'nnn thr Unfa nival firrtinn of the liioloi/ical La Inna font, Hunan of vie nee.) 


The? work on Cocos nurifcni (coconut), the result of which is reported 
below, was ]>erl‘ormed at the (iovernment farm at San Itamou, near 
Zamboanga. Its purpose was to acquire as thorough a knowledge of the 
physiology of this palm as the field conditions would permit, with the 
especial hope that the results would he available for improving existing 
methods of the plant's cultivation. 

Because of the remoteness of the [dace of work from any library or base 
of supplies, the simplicity of apparatus which for the greater part is used 
in investigating all phases of a plant's transpiration, the writer's famil¬ 
iarity with this particular lield, obtained in the preparation of earlier 
papers, and because of the very great practical importance of understand¬ 
ing this phase of the physiology of any plant important in agriculture, 
the work was principally focused on the water relations of the coconut. 
At the same time other phases of the tree's activity were not neglected: 
and, in eases where it scanned worth while, note's not hearing on the main 
subject are included in this paper. The value* of artificial or natural 
fertilizers was not considered, because this question is more* in the domain 
of the agriculturalist. 

The divisions of the main subject are treated in the following order: 
The root- its structure and growth, and the absorption of water; the 
leaf—its structure, the* activity of the stomata, and the transpiration; 
with final conclusions as to the fitness of the* plant for its characteristic* 
habitat and suggestions as to its most advantageous cultivation. 

Til 10 ROOT. 

The roots of Cocos mtcifrm have* the two typical root functions—the 
anchoring of the tree and the absorption of the water and mineral food 
necessary for its maintenance* and growth. In the absence of a taproot, 
or of any great roots the* hold of which in the ground can maintain the 
rigidity of the trunk, the mechanical problem of the firm anc horage of the* 
latter finds a solution essentially different from that which we are 
accustomed to encounter in the ease of dicotyledonous trees. The base of 
a 
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the trunk is convex or obeonical, ami is usually buried for a depth of 
hardly more than 50 centimeters. Its surface underground is almost 
entirely covered with the bases of the roots. The latter are remarkably 
uniform, about 1 centimeter in diameter, radiating from the; tree on all 
sides, each without much variation in its direction, and, so far as my 
observations justify a general conclusion, for a normal distance of about 
5 meters in firm soil and 7 meters in sand. The lateral branches, what¬ 
ever direction they may take with regard to the action of gravity, leave 
the main roots with surprisingly uniform exactness at right angles and 
are likewise on the whole straight, though less so in detail than the main 
root s. 

The old main roots are notable for the combination of elasticity 1 and 
tensile strength shown by their powerful central steles, the cylinder of 
xylem inclosing a “pith” with thick, liguiiied walls. Thu most con¬ 
spicuous feature of the branches is their stiffness, for which the stele is 
not more responsible than the hypodennis. I have never before, in any 
plant, seen a rigidity on the part of the fine, absorbing roots which will 
compare with that possessed by those of the coconut. The intimate 
contact between the hard, firm roots and the soil is rosjionsible for the 
rigidity of the Cocos, as of other trees, but while in most, this contact is 
centered about the base of tin* trunk, the (locos has it disseminated equally 
through the ground to a radius of 5 meters or more. 'Die main roots act. 
as so many taut strands between the base of the trunk and the multitude 
of line points of attachment. The effectiveness of the mconufs system 
of anchorage is perfect. The tree’s favorite habitat is the seashore, when; 
it receives tin* unbroken force of the fiercest storms. Because of its 
elasticity, the trunk very rnndv breaks, and I have never seen one instance 
of an uprooted coconut, the roots of which had not either previously been 
killed or undermined by waves. 

Eighty centimeters is not a very exceptional diameter for a well-grown 
hole, though a majority fall below this size. The buried part of a stem 
of this thickness will afford attachment for nearly 8,000 bases of roots 
l centimeter in diameter. Some of the main roots hear few or no 
branches at all like themselves; others have 10 to 20, which randv reach 
a length of 1 meter or a diameter of 4 millimeters. The main roots 
and these major branches hear numerous line ones, 1 to 2 millimeters 
in diameter, springing forth at right angles and having a rigidity which 
has already been noted. Those may he the ultimate divisions; or they 
in turn may hear liner branches, at most a. very few centimeters long, 
about. 0.5 millimeter in diameter; the life of the latter is transitory like 
that of root hairs. A less ample system of branches is formed in sand 
than in firmer ground. 

Dead, distal parts of roots are replaced from the bases of the same roots 

1 Pfeifer, Pflnnzcn ph ysiutoyic, 11, png** 00, cites Sc mil tag, Landic. Juhrh. (1802), 
21 , 8.*U> as authority for a stretching of 20 per cent by Cocos fibers, without 
exceeding their limit of elasticity. 
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in such n way that the now takes the place of the old, not only as an 
absorbing organ but, in the mechanical system as well. At the point 
where dying back ceases, a root, or frequently two roots, spring from 
the end of the part which is still living. Their origin apparently is 
internal, and, as is to he expected, from the outer limit of the stele; 
the hypodermis of these older parts of old roots is so strong that tin* 
young ones are rarely able to break through it, with the result that they 
grow onward within the shell, sometimes for 30 centimeters or more*, 
before* tIn? hypodermis is sufficiently decomposed to permit their escape. 
The direction of growth is then well fixed. From an observation of 
exceptional eases in which the young root succeeded in rupturing the 
hypodermis at its origin, and in which it then grew along or near it, it. 
appears that as a phenomenon of "correlation" the young root has the; 
same orientation-reaction as the one it replaces. The old hypodermal 
shell is a most effective aid in this miction. 

My observations on the rapidity of the growth of roots have been un¬ 
satisfactory. Many times 1 have marked off zones on apparently healthy 
roots only to discover that they showed no subsequent growth. Some, 
for a time, have elongated little or not at all, then for a few days have 
grown vigorously, then stopped, without any apparent reason for tin 1 
irregularity: 

Tin* most rapid growth I have measured was .‘1.5 millimeters per diem. In a 
month three roots grew more than 4 centimeters, hut none as much as 5 centi¬ 
meters. Sometimes, under favorable conditions, there may lie a much more rapid 
growth than 1 have been able to observe; II..") millimeters per diem is hardly 
more than 1 meter per annum, a rate too slow to be accepted without more 
evidence. A part, of the roots 1 examined grew in water and a part in air sur¬ 
rounded by soil. Those which elongated considerably in water at the same time 
became more slender. 

Jn large and rapidly growing roots a little elongation occurs in a /.one 10 to 15 
millimeters from the tip (not from the growing point), hut in most eases it is 
confined to the apical 10 millimeters. The root whose growth was most, rapid 
was 0 millimeters in diameter and had a cap 10 to 11 millimeters long. In two 
days the latter grew 0.5 millimeter, f» millimeters of root grew out of it, and the 
zone immediately outside grew 1.5 millimeters. The length of the cap is some¬ 
what. greater than the diameter of the root, which is usually alxait equal to the 
length of the growing zone when measured from the outside tip; therefore all 
growth is generally within the cap. In this ease the cap grew one tenth as rapidly 
as the root, and this seems to he about the usual ratio. In the ground the resist¬ 
ance to the passage of the moving tip results in a continual tearing oil* of tin* 
outer layers of the cap, these layers usually persist in the form of collars around 
the root, and each is about as long as the cap: altogether they not infrequently 
form a sheath along the whole younger part of the root. It is possible that 
these collars or sheaths facilitate tin* absorption of water. When the root, grows 
without friction, in water, the whole outer portion of the cap, while retaining 
its form, is occasionally sloughed off. 

Xo response to any other directive agent is so conspicuous as tin* autotropism 
of the coconut roots, of whatever order. Tin? general level of the main roots is 
maintained hy a combination of hydrotropism and aerotropism, which 1 have not 
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bi*<*ii iiblu to analyze*. A lwemt paper by Uemimlt.* shows ilint, many easels, at. 
h*ast, of nppai'«>nt. aerotiopisru an? milly hyelmtropie?, ami the sanu? is probably 
true* with the* Cocon. Tin? roots maintain a (!<•«• per level in sand than in heavy 
soil. When the other stimuli are removed, a variable *p*ot.ropism shows itself; 
some, in water, grow straight ahead in as nearly horizontal a direetion as it. was 
eoiiveiiieiit to arrange them in the bottle; but the majority show a feeble positive 
ge*otropisin, the most rapidly exeeuted curve being *10" in two days. The seeond- 
ary roots are usually emit rolled by tlieir autotropism alone. In heavy soil they 
are sometimes more numerous on the upper sides of the main roots, probably 
because of an induced ge>oaii\e»sis, since the struetun? of the roots precludes the 
probability of any direct locative influence of moisture on their origin, and the 
pnctimalhode roots appear on all sides. In nature, no routs will grow to any 
distance into water, nor into a level of the soil w lie re water stands; and a rise 
in tin* water level ultimately kills the submerged ones. 

Iiool {structures. —Tilt? stela r tissues of the eoeoiiul root oiler very 
thill needs description. The mimher of wlem rays is usually JO or more 
in the larger, 10 to 15 in the hraneh roots, 1 to 1.5 inilliiueters in dia¬ 
meter, and fewer in the finer ones. In tlu; young parts of the main 
ones the pith is parenchymatous, with very thin walls. The latter begin 
to thicken at. a distance* from the apex at which both Jiypodcrmis and 
endodormis have reached their permanent, state. They then become very 
thick throughout, and are the chief source of the root's great, tensile 
strength. 

In cross sections, a very few cells behind the growing point, the pericycle 
is distinguishable by the regularity and the large size of its eells. The 
latter eventually become somewhat. Ilaltcncd tangentially, but they still 
form a conspicuous layer in sections of old roots, as their walls remain 
thin and colorless. The. cross partitions are reticulate-punctured. 

In very young parts of the root the endodermis can be identified only 
by reference to the pericycle (tig. 2). Its cells begin to thicken at about 
the same point, as do those of the liypodcrmis. where the latter begins to 
interfere with the absorption of water. The thickening takes place cell 
by cell, rather abruptly in the individual eells, but without any uniform¬ 
ity throughout the layer, so that, in >onie sections a few will be found 
well thickened, all the others still thin; while a little farther back most 
of them will be found to he thick, ('minting all the endodormal eells in 
a section, an undue proportion of those which thicken late is directly 
outside the xyleni rays, where passage eells would he expected. However, 
4-ells in this position an* not infrequently among the first to thicken, 
whereas scattered ones found elsewhere are often among the last. Con¬ 
sidering the zone with reference to the hypodermis at which the thicken¬ 
ing of the endodermis begins, it is evident that it is only as the water 
travels obliquely up tin* root to the stele, and not directly inward, that 
any of the* cells remaining thin have occasion to serve in its passage. The 
appearance of the old endodermis is shown in the accompanying figure 
(fig. i). 


Hot. <;*/?. ( MMM), 37, 211. 
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The outer part of the cortex, immediately underlying the epidermis 
to a depth of three to six layers, is composed of cells smaller than the 
deeper-lying ones. The walls of these, while they are in young and active 
parts of the roots, are very thin, with a notably dense protoplasm. Sub¬ 
sequently the walls thicken, those of the outermost cells first, until the 
lumen is almost obliterated; they acquire a stony hardness and dark 
color (ligs. It and 4), thus forming a closed shell around the root, 
protecting it against animals or fungi and having a mechanical value 
already mentioned. The iniponiousness of this shell to water is shown 
by its effect on the epidermis and on the formation of pneumathodes. 
The zone in which the hypodermis forms is that at which the root ceases 
to absorb wafer from the soil. 

Tho larger the root, the farther from the tip is this likely to be. In very 
aetive ones the distanee is as much as 5 centimeters; in those less active, hilt hy 
no means inert, having a diameter of 7.f» millimeters, it is found to he 2 centimeters 
from the tip, while during drought it advaiiees to a position well within the 
firmly adherent- part of the cap. 

.Between the hypodermis and ondodermis the cortex is composed of 
rather large cells, isodiametrie or somewhat elongate longitudinally, with 
thin, colorless walls, watery contents, and numerous intercellular spaces 
(fig. r>). After the layers hounding it reach their final state, parts of the 
intcrlying cortex become unequally thick walled and lignilied. At the 
basal end of old roots this intermediate cortex breaks, probably as a result 
of tension between the elastic stele and nonelustic shell, leaving the 
former loose inside of the latter. 

The dermatogen is questionably distinguishable around tin? growing 
point, even in most favorable sections. The epidermis is a transitory 
tissue, dying when its connection with the inner part of the root is inter¬ 
rupted hy the development of the hypodermis. Its most; conspicuous 
feature is that the least diameter of its cells is the longitudinal (figs. (>-S). 
So root hairs are ever formed, hut the superficial area is slightly increased 
by the breaking apart of the outer ends of the cells—a process which is 
most evident in longitudinal sections. In a soil when* the supply of 
water is even moderately constant and ample the coconut root, with its 
short absorbing zone and absence of hairs, would he regarded as hut a 
poor water gatherer, but when water is abundant, hairs are not needed ; 
and in a dry time their sacrifice is spared to the coconut. A tree whose 
normal economy is planned on the absence of root hairs is comparatively 
well able to survive periods of abnormal diiliculLy in obtaining water. 

Pni'iinialhofles (ligs. 0-11).—The development of the hypodermal shell 
so completely cuts olf the interior of the root from all communication 
with the outside that it can not carry on the limited exchange of gases 
necessary for its respiration, and therefore it is obliged to develop special 
breathing organs, or “pneumutbodes." These are specialized roots which 
quickly grow to a length of from .4 to (» millimeters and then abruptly 
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stop. Tlio culls of the cortex then enlarge; at first they keep their form, 
but afterwards they become spherical and finally put out processes each 
of which keeps in contact with a corresponding one from an adjacent 
coll. This enlargement of the. cortex ruptures the epidermis and the 
growth of the inner layers separates the outer ones, so that the epidermis 
and outer layers flare hack from both ends of the swollen zone; its surface 
is then mealy in appearand? and white because of the contained air. As 
(lie pneumathode ages, the cap and all the outer tissues beyond the open 
zone slough oif; the strongly ligniiied stele gives it stability and its sharp 
point will protect it against mechanical injury, if protection is needed. 
The cells of the open tissue necessarily promptly die, hut their walls 
remain firm, their surfaces become granular, and in this condition they 
can not he wetted, so that the large amount of air contained between 
them can not he displaced. The cells next to the stele, and those at the 
base of the pneumathode- that is, those toward the parent root—enlarge 
moderately and become spherical, and thus form intercellular spaces of 
some size; their surfaces also become granular and their walls very thick, 
thus insuring the permanency of open aerial communication through the 
pneumuthodo to the tissue of the parent root, which has the most abundant 
system of intercellular spaces- -that is, the cortical parenchyma. 

(foots which have suffered metamorphosis to serve as pneumathodes 
have been encountered in many plants, and have been most thoroughly 
studied in ibis part of the world/ 1 but in all previously known eases they 
are formed as a response to the wetness of the environment. In many 
plants which grow in wet places, cither frequently or in variably, pueuma- 
tbodes have become normal structures; in many others, whose roots only 
exceptionally find themselves where the 1 supply of air is cut off by water, 
pneumathode-like structures form as abnormalities. 4 In plants whose 
habitat is such that pneumathodes have become a normal structure, the 
roots which serve this purpose have* usually acquired a negative geotro- 
pism, adapting themselves to the direction in which the air is to be found. 
'This is Irue of Phoenix, whose* pneumathodes, as figured by Tisehlcr, a arc? 
wry similar to those; of (Ws. 

In distinction t.e> all other known pneumathodes, those* of Coros are 
demanded! by the structure of the plant without regard to what its e*nvi- 
ronme*nt may he*. They form on roots in water, in linn ground, in loose 
sand, and in the air. In soil containing free* air, where the roots normally 
grow and the* formation of the pneumnthodes is under the* control of 

' Karston: l-eher elie* Maiigrove-Wgetnlion im inalavischen Areliipel. liiblio- 
thrvn botunica ( 1891), Heft 22. 

4 Tilt* same* is true* uf other parts of the plant as well. See* Sonnier: “Pclier 
Intiinie&reiixen.*' livr. but. (JvhvII. (181)1). 17, 450, uml my note oil LLatiorlniidl's 
new organ on Conocepliulus. Hot. <iaz. (1!M)2). 33, 300. 

Tisehler, (».: I’elier das Vorkonunen von Ntatolithen bei wenig oder gar nielil 
gentropiselion Wnrzeln. Flora l 11)05), 94, 35. 
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natural selection, it is of course a matter of indifference whether they 
are above or below the parent roots; and no factor of the environment 
has the least influence in determining the place of their origin or the 
direction of their growth. They spring out at right angles, in all direc¬ 
tions, and are straight, in water and in air they behave in exactly the 
same way. Exceptional length and negative geotropism would he appro¬ 
priate reactions on the part of the piiciiinathodes emerging under water, 
hut since the roots will not grow into water nor into soil without free air, 
their formation in this situation must bo too abnormal and too rare a 
mischance for natural selection to have evolved any adaptation to it. 

Absorption .—The same forces operate to draw water into the roots of 
plants which afterwards cause its movement to the leaves. There are- 

(1) Suet-ion exerted by the tissues surrounding the xylem ends in tin* 
leaves, and ultimately due to evaporation from the leaves under the 
inllucnee of ihe sun's radiated energy. 

(2) The osmotic activity of the colls in the roots through which Ihe 
water passes. The former is the major factor, and its dominance is 
more extreme in tin 1 coconut than in most, plants. This is clearly shown 
by two facts, the first one being that dead tips of roots for some time 
continue to absorb water without any mensurable decrease in the rate as 
compared with that which was present while they were alive, and the 
second one is that if the tips of active,, growing roots are cut oil* ami 
immersed in water with not more than 5 millimeters of Ihe cut end emerg¬ 
ing into a saturated atmosphere, drops of water an? not exuded from the 
cut surface; it merely remains damp. When roots an* cut or broken in 
the ground, a gummy substance with a characteristic odor sometimes 
exudes, but there is neither bleeding of water nor of a dilute solution. 

However, water entering the roots through the living epidermis and 
passing through living cells of the cortex to the stele must move under 
the immediate inllucnee of the osmotic activity of those cells; a move¬ 
ment of the water under natural conditions is thus elfcetcd because it is 
constantly withdrawn from the inmost layers by suction. In this way 
the turgor of the roots is a factor in the acquisition of water, even in 
those which never bleed. The absence of bleeding only demonstrates 
that the living cells of the root will not pass a part of their osmotically 
active substance along with the water to the xylem; high turgor in the 
roots and abundant water in the soil will not necessarily result in roof 
pressure?. 

The. turgor in the pith, and ill nil except the tine outer cells of the cortex of 
the absorbing zone of the roots, equals 0.25 to 0.3 normal potassium nitrate 
solution. The walls are so thin that they wrinkle, everywhere when plasmolysis 
is extreme (tig. 5). In the fine cells, whieh later heroine the hypodermic, plas 
molysis is not visible in a less eoueeutration than 0.5 normal; it is possible tlmt 
the denseness of the protoplasm, together with the osmotic pressure caused by 
the eell sap, is responsible for this rather high figure. Plasuiolysis is bard to delect 
in the epidermis. The turgor usually, but not always, seems to be a sliude higher 
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tlmn it is in Hip most of flu* cortex about O.M norma). hi tin* roots of most 
plunts then* is a slight but not appreciably interrupted increase in tlie turgor, 
from the epidermis inward; but this increase is no necessary condition for the 
ready movement of water, and in the Vuvoh we find in practice the lower turgor 
to be internal. 

In the* youngest cells of the embryonal tissue which can be plasmolyscd the 
limit is 0.5 normal. In the cap the turgor is for the most, part 0.25 normal; 
and in outside cells, as long as they are alive, it is no less. All these deter¬ 
minations were made on roots which were apparently healthy and active. 

In all my experiments on absorption by the roots homeopathic vials 
were used, of such a size that when tilled to the* proper point with water 
the weight was 40-to grams. In tin* cork of each was cut a hob* fitting 
the individual root to be used. The latter was freed from the ground, 
with the least possible damage, to stu b an extent as !o permit, the* neces¬ 
sary downward inclination of the tip. It was then washed, and all loose 
remains of the eap were carefully removed from the part which was to he* 
within the bottle. To insure the absence of any open wounds the whole 
exposed part- of tin* root, except that which was to he within the bottle, 
was smeared with vaseline. Water enough was used to immerse more 
than the absorbing region of the root, and the bottom of the bottle was 
kept low enough to prevent the water from touching the cork. The root, 
with its bottle, was laid in half of a split joint of ham boo. to which the 
appropriate slope was given, and the other half of the joint closed over it, 
thus insuring cleanliness. The hole in the ground was covered with abaca 
leaves to prevent unnatural warmth. All roots were left in this condi¬ 
tion for one or more days before deicrminalions of weight began. 

After this time, when any initial disturbance in the rale of absorption 
was assumed to have* passed, the hob* and bamboo were opened, the bottle 
carefully removed, the root being touched by the bottle once to remove 
any free drops, and then a weighed bottle of water was substituted, the 
cork always remaining with the root. When all necessary care was 
taken to prevent wetting the cork, neither bottle needed to he open for 
more than five seconds, and the exposure of the root was even for a 
shorter time. The chief error in this method of experimentation is 
probably to 1m* found in the variable amount of water adhering to the 
root, hut experience shows that (In* results an* reliable to a limit, of 
1 centigram. 

The chief J'aets I endeavored to ascertain with regard to the absorption 
hv the roots wen 1 the rate at which it normally takes place and the regular 
diurnal variation, if any, which may he found in this rate. 1 have also 
made some experiments on the absorption of solutions of potassium 
nitrate. 

With regard to the usual rate of absorption, as has been seen to obtain 
for the growth, the first preliminary series of experiments demonstrated 
that roots which to the eve appeared to he similar behaved very differently. 
Nor was then* correlation between vigorous growth and rapid absorption. 
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I made four sets of experiments, with essentially the same results; here 
it will suffice to give one of these. 

This set was begun on January 11 and weighing commenced on Jan¬ 
uary lfl; but this beginning was made abortive by a rain which flooded 
the whole site. A new start was made on January 17. The weights 
given here are in centigrams, and are the average absorption for each day 
comprised in the interval ending at the date at the top of the column: 


Root No. 1 

1 .Ian. *20. . .Ian. 

•jn. 

Jail. *27. 

| Jan. 81. 

Fob. a. 

I Fob. 10. 1 

Mar. 1. 

t 

ti 

ti 

ti 

J 7 

! 7 

1 ® 

7 

11 

i:> 

ti 

ir> 

; in 

19 ! 

14 ' 

12 

IU 

in 

H 

■Mi 

! u 

u 

I *'22 

2S 

IV 

s , 

H 

: 2 

; a 

9 ; 

X i 

7 

V 

» lli | 

IS 

*2H 

| aft 

W 

«i 

(H) 

VI 

7 i 

11 

j 10 

'•3 

3 

! 3 ! 

.ti 

VII 

■« | 

■17 

j .V2 

.*» 

: 40 

1 *'39 ! 

39 

VIII 

ti | 

7 

S 

y 

; •« r> 

; 7 j 

H 

1 IX 

«i 

•> 

j <* 

(» 

••ft 

7 

_ 

X 

1 

41 ! 

:« 

■■39 

39 

19 

3ti 

17 


• CriouniHtlirxloK appeared. 

MSrowth eofispieiioutily rapid. 

•• Apparently dead or dying. 

•‘Cap sloughed (absorption greater Mian figures allow). 

The root V was injured February 10, and was then cut with a sharp 
knife without exposing the surface to the air, and the out surface was 
then immersed just as the uninjured tip had previously been; the total 
subsequent absorption was only OJ centigrams. I bad already satisfied 
.myself that practically no water can be absorbed by cut leaves, and tin* 
same disadvantage from the experimenter’s standpoint is presented by the 
mots, it is of interest to note that while an open wound is very promptly 
plugged, dead tips maintain their full absorbing activity for a considerable 
length of time. 

From these results 1 do not believe accurate conclusions can be drawn 
as to the total absorption bv an entire tree. The very great diversity in 
the rapidity of absorption by the roots is but one of the reasons for this. 
From a considerable number of measurements on different roots 1 can 
say that, as a general average, the eml of a main root, which, on anatom¬ 
ical grounds, appears to lie in a condition to absorb water, has about onc- 
sixtb of the total surface possessed bv all the root tips tributary to it. 
If absorption were proportional to the exposure of living epidermis, then 
the most rapid rate exhibited by any of these roots would indicate a total 
daily absorption by a large tree of only about TI liters. But there is no 
such correlation between living epidermis and absorption, as is shown 
by the behavior of dead roots and by the two mentioned in the preceding 
table, the growth of which was temporarily most conspicuously rapid. 
The immediate result of the rapid growth was a long zone of young tissue, 
but; in one of these eases the ensuing absorption was remarkably slow. 
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The tips of the fine ultimate branches do not individually absorb with 
sufficient rapidity to give me trustworthy differences in weight, and they 
are too Far apart: to permit the use of several at once without a dispropor¬ 
tionate increase in the water to he weighed, in a single instance 1 was 
able to include three of them in one bottle of the-usual size*, and 
then the observed absorption per unit of area was about three times as 
great as 1 ever found it with the tips of the main roots. No far-reach¬ 
ing conclusions are to be based on one fortunate observation ; but it does 
show, as we must also conclude from the experiments to be described on 
transpiration, that the total absorption can be much greater than meas¬ 
urements made even on many tips of main roots would indicate. In one 
experiment, the tip of a small main root 5.5 millimeters in diameter 
showed a maximum rate for the time covered by eight weighings of 
2 centigrams per diem. 

Because of the slight difference* in weight to he determined, it was 
useless, in undertaking experiments to show the? relative absorption dur¬ 
ing different parts of the day, to work with roots which had not already 
shown themselves to be among the most active. In two sets of experi¬ 
ments 1 have used such roots for this purpose. The result has always 
been that the greatest relative absorption was observed during the after¬ 
noon, and, so far as any conclusion could he drawn in such detail, during 
the latter part of the afternoon. This difference, at different hours, is 
usually less marked than it appears to be from the following table, which 
slows the results for one day with the four most active roots represented 
in the preceding table. Tim roots bear the same numbers. This experi¬ 
ment began at (>.15 a. in. February 1. The figures are centigrams of 
water absorbed during the preceding interval: 

| Feb. 1. 


Root No. 


Fob. 2, 
f». l r» 


12.1ft p. in. i ti.lft |*. in. ; 

H. III. 

1! 

ft i 11 : 

b 

V 

m ; -a ! 

HI 

VII 

Ill ' 19 1 

10 

X 

12 i 22 : 

| i 

17 


From the fact that decidedly the most rapid absorption is during and 
closely following the hours of most rapid transpiration, it is a reasonable 
conclusion that the tree contains practically no store of water on which 
it can easily and safely draw. However, no conclusion is justified as to 
the total water actually contained in the path of the t ranspiration stream, 
and therefore none as to the rapidity with which the water moves. The 
water may rise slowly hut the demand still be propagated rapidly. 

My experiments on the absorption of potassium nitrate are open to 
the same criticism as pertains to all of my other absorption experiments. 
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namely, they had to be made on the tips of the main roots, which are 
not I he places when* the process is most active. In working with these 
solid ions, trouble with red ants, which only exceptionally interfered with 
experiments with pure water, became serious; as a consequence I was 
finally obliged to seal all the tops of the bottle deeply with vaseline, thus 
completely cutting ofF the access of air to the water in the bottle; controls 
with pure water showed that during the time of these experiments very 
lit He if any interference with the absorption resulted. The investiga¬ 
tions were made with the same roots which furnished the material for 
the preceding tallies, and they immediately followed the conclusion of 
tin* period already reported. These results were scattered through too 
many days to make a tabulated report feasible. In each case the absorp¬ 
tion of the solution is compared with that of water during the preceding 
period, which usually was of one day. 

A solution of 0.1 normal reduced tin? rate of absorption for root VII from 40 
centigrams (for the precedin'*- twenty days) to Mo centigrams. Which is within 
Die limits of daily fluctuation. It was likewise ipiestionahle. in the ease of main 
roots, whether there was any reduet ion by a 0.2 normal solution; for instance, 
with root 11 the rate actually increased from 14 centigrams to 15 centigrams. 
However, in the case of the three lateral roots, the rate fell from 51 centigrams 
to 10 centigrams, and after two days they were evidently unsound. 

The results obtained with 0.5 normal solutions were various. With root III 
the decrease in absorption was only from 18 centigrams to 8 centigrams; tested 
again with water, the rate rose to only 10 centigrams; another application of 
the solution reduced it to 7 centigrams; and in water it again rose to 111 ecu 
t igrams. With root I. the previous rate having been 7 centigrams, successive 
determinations were 1 centigram, 1 centigram, and 2 centigrams; in water the 
rat** returned to H centigrams. With other roots tin* lialf tioniinl solution was 
found to he suflieieiit to reverse the movement. Thus root VI, which had been 
very regularly absorbing about I centigram, Inst 2 centigrams, X centigrams, 
ami 2 centigrams. Hoot VI1 lost 1 centigram at one time and the three line roots 
lost at the same rate. 

.Immediately after losing at the rate of 1 centigram for four days, root 
VI1 was put into a normal solution, and it then gained S centigrams 
in one day. This result, which at lirst sight was surprising, is easily 
explained. Water moves through the root in the direction in which it is 
driven by the greatest, pressure*. l : nder ordinary circumstances this direc¬ 
tion is inward la'cause of the influence of the atmospheric* pressure*, the 
pressure within being less Ilian that without. This may he e*xpressed by 
staling that there is a ‘‘‘suction v from the* inside. In using the more dilute 
solutions other agents must have acted together with the atmospheric 
pressure—agents which perhaps we*re put in operation by the* solutions 
themselves; in this way the fuel that the solution is absorbed will account 
for the result. With the half-normal solution the osmotic pressure was 
superior to the sum of the foives tending h) make the water emter; as a 
result, it move'll outward. Other mils may have absorbed this 0.5 normal 
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solution more readily, and so luivo boon able to keep up a slow, inward 
flow, for in proportion as it is absorbed it exerts no pressure. But the 
normal solution was sufficiently concentrated to plasmolysc all the living 
cells, after which it was possible for the solution to travel from outside of 
the root into the xylem without being compelled to pass through any of 
these. When this condition results there* is no seuiipermeable membrane 
in its way, and, concentrated as it is, it cam exert no osmotic pressure. 
If the half-normal solution were to cause general plasinolvsis then it also 
would enter freely and for the same reason. 

The* turgor of root VI was tested. This root had lost water to the half-normal 
solution. A few cells in its cortical parenchyma were found to plasmolysc in 
this solution, but the turgor of most of them was decidedly higher—about 0.7 
normal. Some cells which did not plasmolysc even in such a solution did so in 
a normal one*. There was no active epidermis, for the hypoderrnis hud devel¬ 
oped so as to be only 1.4 millimeters behind the growing point, well within tin* 
adherent part of the cap. The turgor of the cap was rather below 0.r> norma]. 
In the ineristein the limit was slightly higher, but the regulation had not kept 
pace, with that in the cortex; and in the latter it was not. what might have been 
expected from the observations of Stange" on the roots of various European plants. 

My experiment* on the absorption of potassium nitrate conspicuously 
show that, the absorbing activity of I he coconut roots is little interfered 
with by a moderate concentration of the surrounding solution (up to at 
least 0.2 normal). This obviously tits it for life in its typical habitat; 
for, while the water in the soil near the sen, and even in the beach itself, 
is not usually saline, because its mass movement is seaward, yet strand 
plants arc subject to inundation during storms, which sometimes bring an 
amount of sea water about their roots which would be fatal if they were 
more sensitive. 

tiik mcoxrT j.K.xr. 

dross morftholoffif ami f/roirth. -Aside from the cotyledon, which is a 
very short sheath at one end with an enormous absorbing structure at the 
other, the first leaves of the coconut are mere sheaths, resembling the bases 
of later leaves, hut entirely destitute of any lamina. Those sheaths are* 
usually 1 to (» in number, each being longer and less scale like than its 
predecessor. In vigorous seedlings they sometimes appear at intervals of 
less than one week, but as a rule the succession is slower. Their most 
rapid measurable growth is immediately after they emerge from the? nut. 
The transition from sheaths to leaves may be abrupt; or there may be one* 
or two, the; upper part of which, after splitting, bends outward, like the 
raohis of a leaf, hilt develops no blade. 

The succeeding leaves, 2 to fi in number, do not become pinnate, hut 
develop a lamina, which splits down the median line, sometimes merely 
forming a notch, hut usually extending more than half of the length of the 

" Stange, U.; Itezicliungcti zwischcn Suhstrnt-roiicentration, Turgor, uml Wachs- 
tliiini foci einigiMi pliuiieroganicn Pflniizcn. Hot. Zrit. (1892), 50 , 253, etc. 

WWJ2—2 
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blade. The most rapid growth of the later of these leaves occurs at a 
period which is a week or more after their emergence. They aTe plicate 
in vernation, but the folds are shallow and are almost or entirely smoothed 
out when the leaf is fully expanded. The result of this is an increase in 
the area of the leaf, without a corresponding growth of its margin; and 
this, in turn, causes it to become convex on the upper surface and to curve 
outward, whereby its exposure to light is materially increased, and the 
stomata-bearing nether surface is protected against wetting by rain. The 
first ones of these split leaves are apparently sessile, w r ith blades about 20 
centimeters long; the later ones are short stalked, and the length of the 
blades may exceed 70 centimeters. 

The transition from split to pinnate leaves is a gradual one. At first 
only a few of the lowest folds separate, the appearance of the greater part 
of the lamina remaining like that of one of the merely split leaves imme¬ 
diately below it; in succeeding ones the pinnarte lower part increases at 
the expense of the compact upper part until the latter ultimately disap¬ 
pears. The number of leaves sharing in this transition varies consid¬ 
erably, fi being a common one. Tn length they may he from less than 
1 meter to a size considerably larger. The earlier leaves arc all short 
lived, and, as each succeeding one is larger than the preceding, their 
dimensions on a young tree are constantly increasing. In cultivation the 
nuts are germinated collectively and the seedlings set out in their per¬ 
manent places during the split-leaf stage. The increase in diameter of 
the mass of the bases of the petioles is constant, and as the leaves have 
sheathing bases, as the tree grows, the latter rise into the air as a false 
stem, resembling that of the banana or abac A; this false stem reaches a 
height of about 150 centimeters before the real stem or trunk is visible. 
For several years after the appearance of the trunk, the leaves continue 
slowly to increase in number and in length. When the first nuts appear, 
at an age of from five to nine years, the tree is bearing at least twenty 
leaves. Even after this time there is usually some increase in their size; 
in vigorous old trees the number is 25 to 30 or even 35; each of these 
leaves is from 5 to 8 meters in length, with about 80 pairs of pinna\ large 
and small. 

The following table shows the rate of growth of the scales and split 
leaves of a number of seedlings. The measurements are from a mark 
on the lowest visible sheath, the husk not being dissected away; therefore 
there may have been some of the oldest sheaths invisible and not repre¬ 
sented ; and the growth being basal, the mark on the lowest visible sheath 
can record no growth. The entire elongating region is always within the 
protecting sheaths of the lower leaves, so that zones marked on any visible 
part of the leaf retain their exact intervals. Leaf No. T is the one which 
was marked, the others being successively younger. The numbers in 
parentheses represent total length; the others, the growth during the time 
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elapsing since the preceding measurement. Blanks indicate no growth. 
All measurements are in millimeters. M G” is the girth : 



rapidly than the next older one. and in seedlings which are of the size of 
the ones mentioned above, several leave's grow rapidly at the same time. 
While the plants represented in this table were under observation the 
growth of their roots was prevented by frequent moving. This injury 
was reflected by a slower development of the shoot before the measure¬ 
ments ceased. Kauh leaf had less than the normal advantage over its 
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predecessor, and its period of rapid growth was abnormally short, so that 
in most eases only a single leaf was growing vigorously on each seedling. 

Working as 1 did in the open and therefore largely depending on nature 
for modifications of the environment, it was very difficult to secure any 
reliable data on the influence of the individual factors of the environment 
on so slow a process as growth. Of the plants represented in the fore¬ 
going table, those with even numbers were watered twice daily during the 
first two weeks. As compared with the alternate ones, which were placed 
in an otherwise drier place and which received as much ns 1 millimeter 
of rail) but once in fourteen days, the growth of the watered plants was 
much slower, but the relative rapidity of development was not affected bv 
reversing the positions during the succeeding fortnight; from which it 
appears that the difference was inherent in the individuality of the plants, 
and that it is a matter of practical indifference to seedlings of the ages of 
tlie ones which T was observing whether they be given much water or very 
little. Observation of a seed bed where more than 5,000 nuts were placed 
to germinate justifies this conclusion. Differences in the exposure of 
different parts of this bed were not reflected in the growth of the seedlings. 
1’ni il the area of the leaves permits ail appreciable transpiration, the nut 
must contain all tlie water the seedling normally demands for its growth. 
If the husk is entirely dry the roots do not emerge from it, but this may 
as well be due to the* extreme toughness of the dry husk as to the abnormal 
loss of water from the roots and to nnv inability on their part to absorb 
water. After this time a removal of the roots or a prevention of their 
growth by frequent moving stunts the development of the seedlings, and 
no amount of water will altogether obviate this result, though, of course, 
the injury is fatal only when excessive dryness or some other cause pre¬ 
vents the development of new roots. Whether the injury to the growth 
of tlie shoot of well-watered plants is correlative 7 or because enough 
water can not be absorbed is uncertain, but in either case the leaving of 
the seedlings in the germinating bed after the nut’s supply of water ceases 
to satisfy all demands, will result in injury when they are transplanted, 
even under the most favorable conditions. 

The available moisture determines the rale? of growth of the leaves of 
older plants to the practical exclusion of the influence of all other factors. 
Mv work on these older plants began after the influence of the dry season 
was seriously felt. Drought interferes first with the growth of the young¬ 
est individuals, the larger one suffering less, in proportion to the depth 
and extent of their root systems. The following table shows the growth 
of one plant (A) the development of which had practically been arrested, 
and of another (C) which up to the time of observation bad compara¬ 
tively been but little affected. In each case a leaf tip barely protruded 

7 Kny: Correlation in the Growth of Roots and Shoots, .inn. of Hot. (1804), 
8, 2H5. Townsend: The Correlation of Growth Under the Influence of Injuries, 
Ibid. (1807), 11, 509. 



21 


from the mass of bases. A stout stake was driven into the ground until 
its top was exactly even with the tip of this leal*. All measurements given 
are from the top of this stake* and are expressed in millimeters. Incre¬ 
ments since the preceding measurements are indicated by boldface type. 
The heights of the stakes were, respectively, 500 and 1,820 millimeters. 
The experiments began on February 8: 


Date 


Leaf 

A. 

Leaf 0. 

1 

Feb. 

10 

, 


10 


Feb. 

17 

2. ft 

1.5 

190 : 

150 

Feb. 

22* 

3 

.5 

30fi ' 

110 

Feb. 

24 : 

(i«) ; 

(13) 

..'_ 

-j 

Mar. 

1 • 

88 

No 

404 

0H : 

Mar. 

10 

311 

223 

550 . 

ltd 1 

Mar. 

17M 

404 

isa 

tuift : 

115 j 

Mur. 

2JV 

tifiO 

105 

772 ! 

107 ' 

Mar. 

30 

784 

125 

885 ; 

11H j 

Apr. 

fi-* 

syri 

111 

J.004 

110 


•Plant watered. ■ Watered lust, March 20. 

** Leaf begins to expand. •' Marked part of both leaves expanded. 

The following contains a more detailed tabulation of the growth of 
these two leaves for a portion of the time included in tin* preceding one 
and shows the relative growth by day and by night. All measurements 
given are the increments during the preceding periods: 


i 

i 

! 



Fell. 22 fin. ill. ___I__ .. .. 

9 a. in.*•_ . -. _ 1 I.. 

! *J p. m. ._!_ 0 j 

Fell. 23 i fin. in. ;_. j— .___| r> 

12 in. .. __ : 0 !. 

i I 

fip. m. - .... l . _ 1.5 I 

Feb. 21 : fi a. in. _i--- I 11.5 

; fip. ill. - .^ . 1.5 '_ 


Feb. 

25 

fi a. ill. 



15. 

Mar. 

10 

fi a. m. 


..--! — 

... . '.- 



fi p. in. 

3 

- ; 

0 

Mur. 

11 

6 a. in. 


n* 

. 15 



fip. in. j 

3 

- .. ! 

0_ 

Mar. 

12 

6 a. m. j 

.... 

21 . 

18 



i 9 p. in. 

8 

.J 

3 _ 

Mar. 

13 

| fi a. m. i 


15! 

_ 13 




! i 


•This interval follows the first watering of leaf A too promptly for the growth to be at all 
normal. 


A few measurements at other times agreed entirely with those given 
above in demonstrating that the measurable growth very largely took 
place at night, the diurnal growth of the plants which were seriously 
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suffering from drought falling to nil. Indeed, a slight but unmistakable 
shortening occurred on certain of the days of observation. The reason 
for this strikingly unequal distribution of the growth is that the active 
transpiration during the day creates an internal scarcity of water and 
reduces the content of that liquid in the plant to such an extent that any 
considerable enlargement is impossible. A similar, but much less pro¬ 
nounced, daily periodicality of growth is reported for the bamboo,® 10 
correlated with the relative humidity. Every factor which contributes 
to the more active transpiration during the day is also in part responsible 
for the cessation of growth. 10 

It is a very common practice in Mindanao to plant coconuts and abaca 
together, in the expectation that the abaca will support the commercial 
undertaking until the coconuts mature. This may he expedient, from a 
business standpoint, where the cost of clearing is the chief item in the 
establishment of a plantation; and after the first two or three years the 
coconuts suffer less than the abaca in this competition; but the maturing 
of the former is delayed by probably two years, and the trees are never 
as robust; as those which wen; better illuminated from the start. The 
ultimate diameter of the trunk of a palm is determined in its youth. 12 

The heliotropism of the coconut is illustrated by the well-known dis¬ 
position which trees along the beach have to bend toward the water (fan¬ 
tastically ascribed to the tree’s love of the sea) and by the tendency of 
those around the outer edges of a grove to lean outward in every direction. 
This heliotropism is the more interesting because tlu* actual growing 
region, where the curving takes place, is deeply seated below the visible 
tip and covered bv the bases of many leaves. 

The negative gcotropism of the trunk causes a prostrate tree to turn 
upward with a curve; the radius of which often does not exceed twice the 
ultimate diameter of the trunk. This abrupt curvature is rendered pos¬ 
sible only by the harmonious reaction of many growing leaf bases, those 
beneath developing more and those above less rapidly than the ones in 
the middle. Each leaf base executes its own appropriate curve. These 

“Lock: Annals Hot. Hard. Peradeniya (1904), 2, 211. Not seen. 

"’Kraus (Das Laugeiiwuehsthiim der I lam bus roll re, Ann. Jard. Hot. Huitcnz., 
1895, 12, 190), working at. Huitenzorg, with almost daily rain, found the diurnal 
retardation of the growth of bamboo slight compared with that reported here for 
Vocoh. 

11 At least the larger proportion of the ex|>erimentH which are supposed to show 
that light exerts a direct retarding influence on the growth of stems and leaves 
are questionable localise they do not. exclude the possibility of the direct influence 
of the illumination on the transpiration and a consequent indirect retardation of 
growth. While the immediate el Vert of light is to retard growth, adequate 
illumination is of course eventually indispensable for the healty development 
of the plant. 

12 The nuts in a seed bed are usually placed horizontally because the trunks 
grown from such seeds are supposed to be stouter. Drude, in Nat Ur lichen Pflans- 
enf a milieu, 11, 3, 3, states that some palms, such as Rabat and Ccroxylon, 
normally develop stouter trunks if their earliest growth is horizontal. 



reacting bases are organically connected only by means of tissue which 
must completely have ceased to grow (it is not available for measure¬ 
ment), and the harmony of the entire reaction is no evidence of any 
communication between the units concerned in it. t;l 

Anatomy of the leaf .—In describing the anatomy of the coconut leaf 
nothing need be said about the tibro-vascular tissue except that the finest 
longitudinal veinlets are hardly more than 0.1 millimeter apart, so that 
watpr in order to reach any cell of the parenchyma only needs to pass an 
exceedingly short distance by osmosis. The structure of the individual 
veins and veinlets offers no peculiarities. 

The most striking structure in the leaf is what may he called the 
“hinge.” Running ventrally for its entire length along each side of the 
midrib of the pinna is a narrow strip, sharply differentiated from any 
neighboring living tissue by its eolorless contents. A crease along the 
middle of each of these strips makes the leaf thinner at this point than 
anywhere else, the colorless hinge tissue occupying more than half the 
thickness of the leaf hut not entirely crowding out the green mesophyll. 
The epidermis of the hinge, as seen in transverse section, is remarkable 
for its exceedingly convex outer walls. The two accompanying figures 
(15 and lb) make this structure clear. 

Because of the convexity of the outer walls of the individual cells, the 
wall of the epidermis, in tins situation, as a whole is very much wrinkled; 
so that a bending or even a stretching can obviously be accomplished by 
a very slight and easy bending of walls at right angles, without giving rise 
to the uncompensated stretching of any one unit. Other parts of the 
leaf have the thick outer walls practically plane, and as any bending would 
involve the extension or direct compression of the whole of one of them 
these parts are practically rigid. Therefore, the crease mentioned above 
facilitates movement not only because it makes the leaf thinner at this 
point hut also because it increases the convolution of the walls and reduces 
their resistance. 

The active tissue concerned in the movements of the hinge is the color¬ 
less mesophyll. Us cells are large, and they have thin walls which are 
easily bent or even stretched. It is without intercellular space, so that 
the slightest alteration in the volume of the individual cells changes that 
of the entire tissue. The volume of the cells must obviously vary with 
their water content. When the leaf is well supplied with water the cells 
of the hinge are distended to their full capacity and it is open, thus hold¬ 
ing the two sides of the pinna as far apart as possible. When the supply 
of water is insufficient the reverse takes place. By this means the expo¬ 
sure of the pinna to the rays from the sun or sky is lessened and a “dead 
air” space, though usually a very imperfect one, is formed under it. In 
both of these ways the further loss of water is checked. 

When the pinna is losing water faster than it is being furnished from 

,a Cf. my paper, “The Geotropisni of Split Stems,” Hot, Gas. (11)00), 29, 189. 



below, the hinge responds before t he eel Is of the green mesophyll begin 
|o suffer. The explanation is as follows: All the cells hold their water 
through the osmotic activity of their contents; the turgor of the 
chlorophyll-bearing cells i*s such that plasmolysis begins in about 0.5 nor¬ 
mal potassium nitrate, while the cells of the hinge begin to plasmolyse in 
less than 0.3 normal, as a consequence (la* hitter will lose the greater 
amount of water in the shorter time, thus causing the hinge to close. 

The actual behavior of the hinge is sufficiently illustrated by the follow¬ 
ing table, which gives the distance 4 , in millimeters, between the edges of 
the two pinna 1 , each measured ‘20 centimeters below the tip, at intervals, 
for two days: 



7 a. m. 

8 a. in. 

9a.m. 10 a 

. til. 

11 n. 

111. 

12 m. 

1 p. in. 

A 

20.3 

20.3 

17. ft 

1ft 


13 

12. ft 

12. ft 

B 

2ft 

2"» 

21 

20 


IS 

17 

18. ft 



Dim*. 7. 




Dim 

'. s. 


Ltiif. 




. 



. 



2 \k in. 

3.30 t>. in. 

ft. 10 ft. ni. 

0.30 i 

i. in. 

7.30 ii 

i. in. 

8.30 a. in 

A 

13 

13 

17 


20. 3 


20.3 

20 

11 

lli 

17. ft 

21. ft 


2ft 


2ft 

23 




Dec. 8. 














. Dim*. 9, 

U*itf. 

l.80a. ill. 







8.30 

1 


«»• ■ ■» 

2 p. 

m. 1] 

•. in. 

ft p. in. 

a. ill. 

A j 

111. ft 

18. ft 

12 13 

12 

.ft 

13. ft 

18. ft 

. 20. ft 

« i 

21 

18. ft 

18 18.5 

1ft 


17 

21 

2ft 


As the accompanying records show, 11 the months between .November 
and April were exceedingly dry at San Ramon. The influence of this 
climatic condition on the behavior of the hinge is shown by the following 
measurements, in millimeters, made on the same leaves at the same points 
one 1 month later than the date of the preceding table: 


•Ian. 11. 

0.30 a. in. 7.30 a. m. 


Ki'Ik 8, 
7 n. m. 


A IS IS 18 , 17 ! 

H 23. ft 23. ft 23 21 


The surface of lent' B was moist on the morning of January 11, and this 
fact demonstrated that its failure to open as widely as it did a month 


11 S<»e liygrometric muling nppcmloil. 




before had become chronic. This was due to the prolonged drought and 
not to the age of the leaf, for in seasons of fair precipitation the pin me 
lose none of their original power of expansion, at least until they are 
much older than the ones measured in these experiments. 

Aside from the hinge, the inesophyll is differentiated into the green 
assimilating, and wliat, in deference to custom, I will trail a water-storing 
tissue. The latter is composed of two layers of cells, immediately beneath 
the upper epidermis. The upper of these layers has the cells elongated 
at right angles to the length of the pinna 1 , as is shown by tigs. IT and 18, 
while those of the inner layers are considerably deeper and larger. Both 
are almost perfectly transparent and their contents consists almost 
entirely of water. They form no inconsiderable part of the volume of 
the leaf. Their walls are not sufficiently thin either to be collapsible or 
to stretch very easily, so that ouly an insignificant pari of the water which 
they contain can ever be available to replace any loss oil the part of other 
cells. They are primarily rather to be regarded as a screen, the function 
of which is to mitigate the injurious effects of too extreme insolation on 
the underlying green cells. 'The same is true of the thick-walled, so- 
called water-storing tissue of many other plants. 

The green mesophyll is but feebly differentiated. There usually are 
two layers which may properly be termed palisade cells, and about four 
more, the cells of which are irregularly placed; but the leaf throughout 
is too compact for any tissue appropriately to be designated as spongy. 
The turgor of the assimilating tissue is equal to about 0.5 normal potas¬ 
sium nitrate. 

The cells of the epidermal tissue arc approximately isodiametrie in 
surface view, their least diameter being the depth. They are devoid of 
chlorophyll, and hyaline. Their turgor is about that of the hinge cells, 
but their heavier walls prevent any considerable variation in their water 
content. The outer wall of the upper epidermis is 0 to 7 ft thick ; that of 
the nether, 5 g. The surfaces are glabreseent. 

The stomata of the coconut leaf are confined entirely to the nether surface, 
where they number about 115 per square millimeter. They average in size about 
30 by 33 g with an area for the pores and for both guard cells of 740 g square. 

As the accompanying drawing of the transverse suction (lig. 1!)) shows, 
the stomata! apparatus is practically superficial, the back of the guard 
cell being sunk just enough to make room for a hinge in the wall outside 
it and to permit it to move without interference from the thick, outer 
wall of the epidermis. The meehanism is exactly that of Sehwendenor's 
type of Amaryllis™ 1,1 The hack wall of the guard cell is so thin that it 
collapses and wrinkles in plasmolysis. The ventral half of each, namely, 
the one next to the pore, is strengthened by the powerful ridges of 

15 Schwcndcuicr: Ucbor Ban mid Mechunik tier SpaltolFmingen, Mount fiber. AkmL 
it. U’um., Berlin, 1881, 833. 

1,1 Copeland: The Mechanism of Stonuita, Ann . of Hot. (1002), 16, 330. 



entrance and exit and by the neighboring, comparatively heavy parts of 
the wall. Anticlinal walla never strike the guard cells midway. A more 
detailed explanation of the mechanism of these stomata would be super¬ 
fluous here. However, there are some interesting features about their 
turgor and their behavior under changes of illumination and with the 
gradual withdrawal of their water which render it worth while to intro¬ 
duce some measurements. The agent employed by me to withdraw the 
water was potassium nitrate. The solutions were 0.3 normal, 0.5 normal, 
and normal. Measurements are in microns: 


i in pun* 0.3 nor- 0.5 nor- 1 nor- I 
water. noil. nml. mal. 


Stoma: 

Length___, 3-1 85 85 81 ' 

Width___ 81 30 2H *20 

IVtrv, width_■ 5 3 ' 1.5 0 

liithit! of exit _...... y 7.5 : 7 0.5 


The normal solution plasmolyscd the guard cells and caused tlu* contents of 
other epidermal colls to collapse until they occupied hardly half the previously 
visible area. Remaining ton minutes in this solution killed many of the former, 
and others opened the pore only after the solution was replaced by water and the 
slide exposed to the direct sunlight. The two stomata described below half 
opened in water and completely in the sunlight. Measurements are in microns: 


Leaf, i 

j | 

A i Width: 

Stoinu . . ; 

1‘ore__ 

» Width: 

, Stonm--- 

Core_ 


Obselire light. 

Direct J 

mn ' j 15 min 75uiin- 

ules. tiles. 


32 j 31 29 

5 ! 4 2 

30.5 30 30 

5 ; 3 0.5 


Mirrosrnpe stage. 


10 min- 15 min¬ 
utes. ntes. 


30.5 31 

3 A 

30.5 31 

2 3 


It appears from these measurements that seventy-live minutes in quite 
diffuse light affects tlu; degree of opening of the pore about as much as 
does immersion in 0.5 normal potassium nitrate solution. The recovery 
of turgescenee witli better illumination occurs with amazing promptness 
when one considers the great change in turgor which precedes and causes 
it. In this experiment, as is always necessary when stomata are under 
prolonged microscopic study undertaken with sufficient care to permit of 
accurate measurements, they are immersed in water. When they are in 
the natural condition on the living plant they respond much more quickly 
and thoroughly to the withdrawal of the light, as is shown by experiments 
to be reported below, in which the rapidity of transpiration is determined 
bv the cobalt test. 
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While all recent writers on the subject; have assumed that changes in 
turgor arc responsible for the changes in turgeseenee with variations in 
the illumination, it has never, so far as l am aware, been demonstrated 
that the turgor really does vary. 17 I myself have tried to measure such 
a change with divers plants, but without success. However, with the 
coconut it is easy to determine that the turgor is much higher in light 
than in darkness, though the actual deferences are rather inconstant. 
The turgor of a single pair of guard cells cun be demonstrated to change 
during a prolonged experiment; but; as this involves plasmolysing the 
pair at least twice, and, as a rule, subjecting it to several strong plasmo¬ 
lysing solutions, each of which must be given time to act, the cells are 
likely to suffer changes from this treatment. The evidence taken from 
the observation of many different stomata, in their natural condition, at 
different times of day, is more valuable. 

Tin* turgor on sunny afternoons is usually about equal to normal potassium 
nitrate. Sometimes it exceeds even this high figure. Thus at 3.30 p. in. Novem¬ 
ber these measurements, in microns, were made: 


I 0.. r > nor u,7 nor- 1 nor i 

mal. him I. urn I. 

/Var, width _ 2. a 1.. r > Closed. . 


While the particular stoma under observation was not. measurably open, about 
one in five on the section was open to the extent of at least 1 /a. the plasinolysis 
of any guard cells being very doubtful; but when the normal potassium nitrate 
was replaced by glycerin, plusmolysis was evident everywhere, and all stomata 
were closed. If they were examined early in the morning the guard cells were 
usually found to have their turgor equal to somewhat less than 0.7 normal potas¬ 
sium nitrate but rarely below O.fi normal. Jn direct sunlight the increase is an 
immediate one. 

The action of prolonged darkness is very different from that of the 
mere nocturnal lack of light. A leaflet was kept in darkness, inside a 
wooden cylinder, for ten weeks, at the end of which time its turgor, as 
compared with that of a neighboring pinna under ordinary conditions, 
was: 


Value. 


From 

darkness. 


From nor , 
mal leaf¬ 
let (in . 
morning). 


Kpidertnln 
(iimrd cells 
Parenchyma 


IT Tin* term “turgor* is used to express the osmotic pressures of the internal 
fluid of a cell. On the other hand, the expression “turgeseenee” applies to the 
strain resulting from the interaction of the force of the osmotic pressure (the 
diffusion tension of the solute) on the one hand and that of the resilience of the 
cellulose membra lie on the other. Copeland, Ann. of Hot . (1902), 16, 330. 
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In my paper, “Ueber den Eintluss von Lieht und Tctnperntur auf den 
Turgor,” 1H L showed that in leaves growing or grown in darkness the 
turgor is higher than in normal ones; blit the pinna of the eoeonut which 
I had under observation did not, at least in urea, grow during the 
experiment, therefore the explanation in this ease must be a different one. 

TRAN SPllI AT ION. 

Three general methods have been used in research on the transpiration 
of plants: First, measuring the waler absorbed by the subject of the ex¬ 
periment; second, determining the loss in weight of the subject and its 
container; third, ascertaining the amount of transpired water after it 
leaves the plant. 1 have used all of these in my work on the coconut. 

The iir.st method is of the least value because it does not directly meas¬ 
ure the transpiration, and because the amount absorbed and that given 
off in a given time are not necessarily equal. 1 employed it in some pre¬ 
liminary experiments only, when my equipment did not permit the use of 
either of the others. As the pinna* which served as subjects always lost 
weight almost from the beginning of the experiments, absorption being 
less rapid than transpiration, the method is inapplicable when any meas¬ 
ure of accuracy is desired. It will, of course, be understood that all 
ordinary means of keeping the absorption normal were employed. 

In all experiments on the transpiration of Ibis plant in which the 
subject is to he weighed the use of single pinna* is practically compulsory, 
for even young seedlings are so heavy that the loss of water from the 
limited leaf area in such time intervals as one hour would escape notice. 
Entire leaves have the same disadvantages as do pinna*, and besides they 
are most unwieldy. When it can he used at all, the determination of 
the loss of weight of subject and container is the most reliable method of 
ascertaining the* transpiratory activity of any plant, and when, as in tills 
ease, the use of whole plants is impracticable, it is usually feasible, with 
proper can* and precaution, to be sure that isolated parts of them behave*, 
at least for some time, as they would in their natural positions. 1 have, 
used this method in the larger part of my work, but, in contrast to expe¬ 
rience with other plants, have found it quite impossible to make single*, 
isolated pinna* of tin* ( -ocas maintain the normal rate of transpiration 
for more than a very short time. Leaves cut under water, with the cut 
surface at all times protected from exposure to the air, approximated 
normal transpiration but little if at all more closely than those treated 
without this can*. This has repeatedly been my experience. One rather 
extreme illustration will suffice to demonstrate it: The cut surface was 
never exposed to the air. The first weighing was immediately after cut- 


Dissertation, Hulk*, u. N. t 1800. 
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ting. Tho leaf was exposed to dired sunshine during the greater part of 
the time: 


Interval. 

Loss of 
weight. 

I<oNs per 

minute. ! 

if in alt-s. 

(i 

drain, 

0. lf» 

dram. 

0.02. r » 

ia 

. 17 

.013 

:»o ; 

.211 

. oor. 

aio 

.7M 

. 002 


The average loss per minute during the last interval was only S per 
cent of that during the first. Transpiration does not usually eeasc so 
promptly, and the relative loss is less, the longer the first period is made. 
It is a general rule, in experiments of this kind, to permit the subject to 
stand for a time after cutting, and thus to become accustomed to its new 
conditions before observations really begin. If this is done with ('ncos 
the rapid initial transpiration ean not he observed, and thus the abnor¬ 
mality of the results obtained must esenpe suspicion. Many of my tables, 
whieh seemed satisfactory when made, are valueless on this account. 
When the transpiration of a leaf varies during a single half day by 92 per 
cent of its maximum activity, independently of any change in the environ¬ 
ment, it is obvious that any modification of the latter must have results 
which are comparatively too insignificant to ho studied with any con¬ 
fidence. Therefore, I was forced to seek a means of preventing the usual 
reaction to the cutting of the pinna*. 

The water in whieh cut pinna* stand ceases to he clear, becoming a pale, 
often opalescent, brown. This is sometimes evident within half a day 
after cutting, hut usually it is not seen until a day or more has elapsed. 10 

Suspecting that an exudation from tin* cut surface (though none was 
visible*) might he preventing tho absorption of water, 1 tried renewing the 
cut. It; was doubtful if the transpiration was accelerated: certainly such 
acceleration was not enough to he applicable in drawing any conclusions. 

It was shown by danse* 30 that, while boiling a part of the path of the 
transpiration stream ultimately results in interference with the movement 
of water, this result is not immediate, and is due to changes in the part 
remaining alive, not in that killed. II occurred to me that boiling the 
bases of the pinna* might prevent the checking of their absorption for at 
least a few days. As a matter of fact, the cessation was less immediate 
and less coni]dele in pinna 1 so treated than in others, hut it was still so 
great, that the. results obtained by this method alone are far from satisfac¬ 
tory. They are shown in tin* next table. 

,u Tl»is is a conspicuous exception to Kurils’** statement, that nothing escapes from 
such cut surfaces into water. 

"Jnnw, J. M.: Die Mitwirkung der Markstrahlen bei dor Wassorliewegung itn 
llol/., Jahrb. wins. Hot. (1887), 8, 1. 
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This fact that neither renewing the out nor killing the lower ends of 
the pinna; prevented the practical cessation of the transpiration would 
suggest that this cessation is due to some reaction on the part of the 
stomata, hut. this can hardly be true, for, as already noted, the cut pinna; 
lose weight during the experiments. The only explanation T can suggest 
for the persistent refusal of the cut pinna; to absorb water at least as 
readily as they normally secure it from the raehis of the leaf is that a 
pressure of less than one atmosphere within the trachea; is a condition 
for the ready movement of water through them, and that offering water 
to the pinna? at a higher pressure than the usual one, instead of making 
them absorb more, is in itself the cause of their absorbing less. I am not 
ready to support this suggestion here, and know that it is contrary to the 
generally accepted opinion that water travels through wood with equal 
readiness regardless of whether the motive force is applied as a pressure 
(above one atmosphere) or as a suction (less than one atmosphere). It 
seems to me that this may he true in some cases and not in others, depend¬ 
ing, for one thing, on the amount of air in the conducting elements. 

Determining the water given off by leaves by absorbing and weighing 
it is a method which has long been in use. A decade ago, in a paper not. 
accessible to me at the time I carried out this work, Stahl introduced 
the use of anhydrous chloride of cohalt, the rapidity of transpiration 
being estimated by its change in color from bine to pink as the salt absorbs 
water, because cobalt salts are blue when anhydrous, red when hydrated. 
As standards I used pieces of absorbent, paper saturated with cobalt- 
chloride solution, one set not quite as blue as it would he if entirely anhy¬ 
drous, the other not as red as if entirely hvdratcd; those sots were 
separately sealed in glass vials. While changing from the color of one of 
these to that of the other, a piece having an area of 100 square centimeters 
absorbed 0.40 gram of water. Bv the use of this cobalt paper the trans¬ 
piration of pinme in their natural positions on the tree could be tested, the 
evil effects of cutting being entirely obviated. However, the method has 
compensating disadvantages. 

The cobalt paper must be directly applied to the transpiring surface, 
and it must he protected against the possibility of absorbing water from 
the atmosphere. This is accomplished by holding it in place with glass 
(microscope slides serve the purpose well), the latter in turn being held 
by clamps. This method is likely to make the transpiration abnormal 
by interfering with the wind, by cutting off some of the illumination, and 
by placing a portion of the leaf, at least for a part of the time, in an 
abnormally drv atmosphere. 

Transpiration is exceedingly sensitive to changes in the illumination, 
so much so that if a slide which is locally corroded be used over either 
surface, the paper under the etched spot w ill be noticeably slower to turn 
red ; therefore clear and perfectly clean glass must be used. However, 



there is no avoiding interference on the part of the cobalt paper itself; 
hut nearly all of the light to which the plant has access comes from above, 
and the disturbing effect of cutting off that from below is correspondingly 
moderate. 

The wind affects the* transpiration in two ways—bv constantly changing 
the air immediately outside the stomata and by agitating the leaves and 
thus causing a circulation within the intercellular spaces and an egress 
and ingress through the stomata. The disturbance of the first of these 
effects is inoperative in this case because of the drying action of the cobalt 
paper; and as the pinna as a whole remains fairly movable, only the small 
part between the slides being rigid, and the intercellular spaces are con¬ 
tinuous, the interference with the circulation is at most hut partial. The 
disturbance of the transpiration by cutting off the wind is therefore not a 
serious matter. 

That the cobalt-chloride test of transpiration places the loaf in an 
abnormally drv atmosphere is a great and unavoidable objection. liven 
if the plant did not react to this condition other than as a surface of water 
would, namely, by more rapid evaporation, this error would he very diffi¬ 
cult to control; for while the blue paper must constantly surround itself 
with very dry air, this medium becomes damper as the paper turns red. 21 
In practice, the matter is far from being as simple as if we wen 1 studying 
evaporation from a water surface only. When the colmit paper is applied 
to a surface with open stomata it suddenly makes an increased demand on 
the water vapor in the intercellular spaces which are in immediate contact 
with the open pores, and most particularly on the water in the guard 
cells themselves. An abnormally active escape results, this in turn causes 
the stomata to close, checking the loss, and this process presently brings 
the transpiration below the normal. Thus, the decreased illumination 
and abnormal dryness work together in reducing the transpiration, and 
their combined effect is to cause the paper to change color, at first more 
rapidly than the normal transpiration would make it do so. but afterwards 
much more slowly. 

That the rapidity of reddening of the cobalt paper comes far from 
indicating the actual rapidity with which the plant loses water is clearly 
shown in the last preceding table, in which the time intervals are those 
required for the reddening to take place. As the first column shows, the 
initial reddening look place; in one-fiftieth of the time consumed in the* 
last interval. The second column shows the* relation of the reddening to 
the actual, though abnormal, transpiration. The area of this pinna was 
V5A square centimeters. Of this, 19 square centimeters was under the 
slide, leaving 56.4 sepia re centimeters free: 50.4 centimeters of cobalt 
paper would absorb 0.26 gram of water in changing color. Evidently 

"Very soon after paper in contact with actively transpiring leaves is really red, 
water begins to precipitate on the glass. 
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the cobalt paper withdrew water from the leaf during the first two periods 
more rapidly than it transpired from the free surface but much less 
rapidly during the last period. The change from an acceleration to a 
retardation occurred in about half an hour; it often appears more quickly. 
The measurement of transpiration l»y weighing cut pinna* and their con¬ 
tainer was deemed unavailable when this experiment showed that the rate 
fell during a few hours to H per cent of the initial. As determined by 
thi? cobalt test, the rate fell during the same experiment to less than 2 per 
cent. This exhausts the really distinct methods of making continuous 
direct determinations of the transpiration of a single subject. 

Neither of those usually reliable methods being alone available in 
working on the coconut, 1 next had recourse to combinations, attempting 
to check a continuous experiment with one method by applying frequent 
corrections obtained from observations by the other; thus at the same 
lime having the advantage of accuracy in the weighing method, and that of 
working with uninjured pinna* on the tree by the cobalt test, t first tried 
to reach these ends by determining at intervals of several days the loss of 
weight of pinna* placed in bottles of water, and at the same time com¬ 
paring the rate at which cobalt paper was turned red by these cut pinna* 
with that at which it was altered when it was applied to pinna? in si fit on 
I he tree. My most satisfactory experiments of Ibis kind furnished 
material for the following table: 

Tin* pinna* A, H, find (' were out mi tin* afternoon of January 17 ami the rut. 
rmls killed by insertion in nearly boiling water. The leaf 1> was freshly cut at 
■2.110 p. in. January IS, and its ends not killed. All weights are in grains. The 
loss was determined regularly at one-hour intervals during the day. The bottles 
were hung in the tree, putting the pinna* ns nearly as was possible iti natural 
conditions. The liottles themselves were shaded to prevent heating. 


Date. 

.Ihm. 17 

Hour. 

ft.301». m 

A. 

B. 

C. 

I). Behavior of cobalt paper.* 

.hill. 18 

0.30a. in. 


0. 12 




7.30 a. m. 

0.03 

.02 

0.02 . 

_ Bed in * minutes; leaves were damp. 


*.30a. in. 

. 14 

.09 

.09 ... 

C and T change equally: not com 
pleted in 00 minutes. 


>".».30a. hi. 

. 10 

.0* 

. 09 .. 

1 A and T the same. 


10.30a. til. ; 

.23 

.13 

.09 __ 

._! Bred la lOiniiiules; T in Jlimlmiles. 


11.30a. 111. ■ 

.72 

.42 

'-’ 7 ] 

i 


12.30 p.m. 

.01 

.10 

.10 1 


1.30 p. 111. 

• 71 

.03 

.ftO ■_ 

| A red in ftft iiiitmtcs; T in 13 minutes. 


2.30 p. in. 

.13 

.71 

.ftl ... 

_ A red in ftft minutes; T in 20 minutes. 


3.30 p. in. 

.53 

.50 

.3:. 

0. ftl ' D red in 4ft minutes; T in 13minutes. 


1.80 p. m. 

. 39 

.*fi 

1.02 

1.17 ; U red in 17 minutes: T in 13 mimites. 


ft.30 p. III. 

.14 


. 12 

.11 l> red in 40 minutes; T in 18 minutes. 

.Ihii. L9 

0.30 it. in. 

.10 

. 0ft 

.09 

. 10 (These are totals for 13 hours dark- 
j ness). 

! 


»T- Tree. 


'•Sim strikes A at 10.20,11 at 10.2ft, C about 10.40. 





During the following day the transpiration was much slower and too 
abnormal to be worth reporting in detail. The totals for the twenty-four 
hours ending January 19 and January 20 were: 


Kndlnjr—j 

1 

A. j 

i 

«• : 

i 

c, " 

... 1 

.Inn. Hi 

4.13 

4.10 

3.r»r>; 

| : 

Jiiu. 20 

1.58 

1.71 

1.33 

2.02 | 


If now the transpiration of a pinna in situ be computed from the loss 
of weight by pinna* in water, and the relative; rapidity with which those 
and the former turn cobalt paper rod, the following result is obtained: 
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*Th«* frci* of h*aVo« furnishing this tijfuri* awruKi'd about 1*20 square rbutinietors, tkio rule 
Ihorrfnrr equaling 8.57 grains for 1 square deeimeter. Haherlandt (AnatomiMeh-physiologiHehe 
I'Titersnclum^eii liber das tropi.sehc Uiubblatl, sitzber. ll'inur Aknd. (1802) 101, I; *04,HUT) found n 
rule for Coro# at Huitenzorg of 0.80 grain per diem per square deeimeter of siirfaee. 

Allowing lot) pinna* to the leaf and 25 leaves to the tree, this indicates 
a total daily transpiration for the tree of JN,55i grams. My estimates 
made in this way have ranged between 28 and 15 liters. These oulcula- 
tions an* based on detenu illations made on sunny days, and some of them 
are doubtless higher than llu* average transpiration of the tree for all 
days. On the other hand, it is to he observed that no allowance is made 
for the fad that not all parts of the pinna* under experiment were free to 
transpire. 

Another way of combining the cobalt test with the weighing method 
is to list* fresh leaves at frequent intervals. This combination offers the 
advantage that the transpiration of tlie subjects weighed is never very 
much below the normal, but the* disadvantage that; it is difficult, with such 
a frequent change of subjects, to apply a control based oil the continuous 
use* of the same pinna. In practice, if the cobalt paper is always applied 
to a fresh part of the pinna, it will turn red once or twice after the pinna 
is cut, at practically the same rate as before. Under ideal conditions this 
method will furnish really amirnlr results, hut the test of a method is 
3h:> 12—a 
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its usefulness imeler unfavorable circumstance's, ami under lliem the lack 
of continuity heroines loo great an objection; in addition, the observations 
demanded at short intervals on several pinna* at once require a dangerous 
haste in manipulation. This method is serviceable when* immediate 
results will answer, as, for example, in testing the effect of shading. Fsti- 
mates of the total daily transpiration by this method, based on determi¬ 
nations made in the sun, run higher than those* just given—-sometimes as 
high as 75 liters per diem. 

After this necessarily prolonged discussion of method, a brief consid¬ 
eration of the relative transpiration from the upper and nether surfaces 
of tlu' leaves, the influence of their age* on their transpiration, and the 
effect exerted from without by the illumination and the* winel will he* 
possible. 

Almost the entire 1 transpiration of the* coconut is through the* stomata 
of the* ne*the*r surface of the* le*af. In experimenting on the* transpiration 
from the upper surface*, and at no other time*, have* I found it nce*essary 
to seal the eelges of the glass sliele*s to prevent intcrfe*re*m*e* hv the moisture* 
of the* atmosphere*; of course*, it was also necessary to guard against tlie* 
passage* of moisture from the nether surfae-e* to the* upper. Tlmse pre¬ 
cautions be*ing take'll, it requires at h*ast six hours of continuous sunshine 
to enable the* cobalt paper to change cedor. If the* leaf is placed in the* 
shade* or in the* dark, the* hydration is seunewhat sloweu*. On January 2 1 . 
a day when there were occasional clouds, the* awrage time* e>f rceldcniug, 
w lie'll the pape*r was placed against the* lower surface*. was e*le*\e*n minuter, 
hut against the* upper, se*ve*n hours: this interval,’ freim 9 a. m. to 1 p. m., 
was rcquircel for the change; and paper him* at 1 1.25 was still of the same* 
color at 5.JO, hut ml at S. 

Kxpcriments were made 1 on the* transpiration of le*avcs which \ve*re just 
full grown, those' about six months older, and those a year heyoml matu¬ 
rity. Two scries of determinations were undertaken with the* individuals 
of e*aeh age. These varied in detail, as is true with all of this work, hut 
the relation wa< constant—the* leaves six months beyond maturity trans¬ 
pired rather less than those* which had ju.-t grown, while* those* a year olel 
were* eh'edele'elly the* most ae tivc of all. For example*, the* <e>tal franspira- 
tion for se»ve*n hemrs. from 9.20 a. in. to 1.20 p. m.. February 11 , was — 

Grama. 

.Mature le»ii f . . . ‘2.70 

Six months edeler. . 1.08 

One* voar older. . . 3..*17 

The re»sult for tile* le*af of mean age is too small ; this is due* to its being 
the first to become* gre»atly abnormal. The* totals fen* U hours, from 1.50 


to 5.20 ]>. m., February 15, were?— 

Grama. 

Mill me* leaf . . . 0.78 

Six months older. . .7."> 

One* .ve*ar oleh-r.. . 1.50 















When I first observed ibis phenomenon I was surprised that the oldest 
leaves showed the most aetive transpiration, but a few weeks later a paper 
bv Bergen was received showing that the coconut is not peculiar in this 
respect. The figures given above are not corrected for area; if this wen* 
done it would still further emphasize the difference, because in both eases 
the oldest leaves had the least exposed area. The relative activity of cut 
pinna* and those in situ was at first exactly the same in all eases and so 
demanded no correction, but the oldest leaves were always the last to show 
an extreme depression. The transpiration from the upper surface was 
slightly more active in the latter, but it was not enough so to account for 
any great proportion of the extra quantity. A considerable part of the 
total area of tin* oldest leaves was occupied hv small, scattered brown 
spots, and tin* leaf was dead two months after these observations. The 
< roc was a young one. 

Thirty or more determinations of (he transpiration during the night 
have all shown concordant results, the rale being about I per cent or even 
less of the greatest during the day; the total transpiration for an entire 
night was about one-tenth of that during one hour of sunlight at midday. 
Three factors are responsible for Ibis great nocturnal depression—the 
darkness, the lower temperature, and I In* higher relative humidity. The 
complete experimental analysis of these three factors was practically 
impossible, hut the eobali lest, being independent of the moisture of the 
environment, is capable of showing the inllencc of the illumination inde¬ 
pendently of the relative humidity. 

By this lest it has repeatedly been proven Unit a very slight shade will 
to a certain extent almost immediately depress the transpiration. Of 
course, actual darkness has a very much greater effect. In using the 
cohalt test I held tin* glass slides to the leaf with cork clamps, and there¬ 
fore the spot immediately between these was in approximate darkness. 
When, in the* first test, the paper reddened in about four minutes, the 
change was not: appreciably hindered by the cork; but if this first, test 
required more time, and always during subsequent, tests, the darkened 
part of the paper was very evidently slower in turning. Beginning at 
0.1 S a. m. January >1 the intervals required for reddening wen 1 ten 
minutes and nine minutes; then, with a light haze over the sun, fifteen 
minutes; all these for the illuminated part of the paper. After tin* last 
determination, the paper was left until the part under the cork was red¬ 
dened : in about forty minutes water was precipitating on the glass over 
the lighted leaf, but the darkened paper was still bluish, only becoming as 
rod as the standard after ninety-five minutes—that is, it took more than 
six times as long to change as it did when a men* liuzo weakened the light. 

Jtergevi, .1. Y .: Uelutive Transpiration of Old and New Leaves of 1l»e Myrlus 
Type. tint. (iaz. llUOi), 38, *1H>. "The leaves of six out of the eight aperies 
studied transpire more for etpuil areas when fifteen to eighteen months old than 
they do when they have just reached their maximum area (i. e., at three or four 
monthsi 



In observing another leaf, the intervals at the same time were respectively 
fourteen and eighty-two minutes, the ratio being practically the same. 
The effect of the passing of a cloud before the sun was observed very many 
times; it naturally varied with the depth of the shading. In similar 
eases the test by weighing shows a depression in transpiration, but I could 
detect no additional one to he ascribed to the higher humidity. 

It is clearly in large part because the direct sunshine heats the leaf 
above the temperature of the surrounding air that the transpiration is so 
much more rapid in it than in the brightest diffuse light. The follow¬ 
ing table shows the extent of this overheating. The temperature was 
determined by tying a leaf backward around the hull) of a thermometer: 
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111 Nllll, 
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7 II. III. 

20.3 

21.8 
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8 H. 111. 

24.3 i 

2*. 2 

27.4 

9 h. m. 

28 j 

8U. 7 

33.1 

10 U. II). 

28.9 ; 

32 

35.4 

11 a. ni. 

27. 8 

31.5 

•34.7 

12 m. 

28.3 

34.7 

37.7 

1 p. tn. 

28 

30 

*31.6 

2 p. in. 

28. 5 ‘ 

31.5 

38 

8 p. m. 

28.8 

31 

38.7 

4 p. in. 

28.8 

30.8 

38. 1 

5 p. in. 

27. 7 

30 

34 

8 p. ill. 

28.8 

27.8 

28.5 

* Light cloud. 

*• Cloudy. 


How great a difference in evaporation, as a merely physical process, these 
differences in temperature will exert is shown by a consideration of the variation 
in the tension 1 '* of water vapor with changes of temperature. Thus, at noon the 
temperature in the shade whs 28. °3; at this point the tension of water vapor is 
28.560 millimeters; at the temperature of the exposed leaf. 37.°7, the vapor 
tension is 48.463 millimeters; at 11.30 a. in., with a temperature 28.°4, the 
relative humidity was 66. The tension of vapor in the air at that time was 
18.80 millimeters, making a relative humidity for the temperature of the. leaf of 
only 30; the unsatisfied possible tension of vapor in the air was 0.60 millimeters 
in the shade, while it was 20.583 millimeters for the h*af. 

The actually observed excess of transpiration in strong, direct light 
over that in the shade was greater, as a rule, than that of evaporation from 
a water surface under the same temperature conditions; the change from 
a light haze, under which the leaf is already somewhat overheated, to full 
illumination, frequently multiplying the rate of transpiration by four. 
This extra effect may in part he due to the action of the stomata, and 
must in part he ascribed to the expansion of the gas in the intercellular 
spaces, with the consequent ejection, as the leaf is warmed, of a portion 

“ Tables of ljnndolt and Bernthsen. 




:i7 

of this gas loaded with moisture. Of course, the opposite change in the 
volume of this included air would tuke place as the leaf cools. 

It was impossible for me to make observations of any great value on 
the influence of the wind, because 1 could not regulate or measure its 
velocity. With a good subject, the concomitant use of the cobalt test 
and the weighing method should make it possible accurately to analyse 
the wind's influence, showing how much is due to mechanical agitation 
and how much to the constant change of the air outside. But no work 
on the coconut is sufficiently accurate and reliable for such an analysis. 
As was to be expected, the wind made a much greater difference in the 
transpiration of the leaves which were exposed to the greatest illumination 
than it did in that of the shaded ones. Thus, in one instance, the transpi¬ 
ration in direct sunshine was four times as great in a wind I estimated to 
be at f> miles an hour as it was in a calm; but the increase was usually not 
more than 100 per cent, in tlu? shade, a wind of this velocity added less 
than 50 per cent to the transpiration. 1 was unable to cut off the wind 
from a shaded plant without further interference with its illumination. 

Any estimate of the total water transpired by entire trees can not be 
more than a rough approximation, because, aside from all possible* inac¬ 
curacies in the observations on individual pinna*, different days and 
seasons are unlike; and different neighboring trees, as well as different 
parts of the same individual, interfere with each other’s transpiration. 
Tor these reasons any estimate based on observations made entirely in 
direct light must be too high. As already stated, some calculations 
obtained in this way are us high as 75 liters per diem. In the experiment 
from which the estimate of 28 liters was obtained the pinna? were under 
as normal conditions as possible, taking their share of shading with the 
other pinna? of the tree and being under check by observations on pinna} 
in the natural position. The day was bright, but was not quite cloudless, 
and not especially warm. 

At the rate of 28 liters per diem the annual transpiration is 10,220 
liters. In this volume of water the plant takes up the mineral food to 
be used in its permanent growth and enough more to cover the annual 
loss in the nuts and east leaves. The amount of mineral food perma¬ 
nently bound up in the growth of the stem and roots can not be very 
considerable, and that in the roots which die is already in a place to he 
absorbed again. The average dry weight of a fallen leaf may roughly 
he put at d kilograms, of which 8.5 per cent is ash and nitrogen. Allow¬ 
ing a fall of lfl leaves per annum, the loss of matter taken up in solution 
by the roots is 1,080 grams. In each nut the tree loses ash as follows: 

Grams. 


In the husk. 33.84 

In the shell. 3.30 

In the copra. 13.83 

In the milk. 5.97 


Total . 57.02 
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It’ the tree produces hut 20 nuts per annum, which is more than the 
recent average at San Itamon, the loss of mineral matter in these is 
1.140 grams and the total loss in leaves and nuts 5,220 grams. If this 
were absorbed in 10,220 liters of water the concentration would he 0.051 
per cent. This is considerably above the average concern trillion to be 
found in ground water, as determined by analyses from water in wells 
ami springs, hut as a general proposition the water in intimate contact 
with the ground particles, and, when there is but little water in the soil, 
all of it, will he more concentrated than that which will run freely from 
wetter ground; and the valuable mineral food of plants is absorbed from 
such dilute solutions in greater proportion than is the water in which it. is 
dissolved. 

liffr-ct of drought. —The season during which I carried on my work at 
San Itamon was characterized by extreme dryness, and this condition has 
interfered with my study of the plant's normal physiology, hut at the 
same time it has given me an opportunity to observe the injury done by 
the abnormal conditions. The following table contains my measure¬ 
ments of the rainfall for this year and Mr. Ilavice’s for the corresponding 
months a year ago: 


! licliitivc ; 

Month. UNM-5. 1903 I. huiuuiitv. . 

I 1901 .V I 

unn. nun. PrrCtul. 

November „ .__ (15-30) 91.5 1 1-30) 20S 79.9 

December . . _. .. *2. f» 200 79. 2 

January_ 30 32 75.65 j 

February. 1 131 72.35 I 

March. 0 232 75.13 

! April_ . 12.5 92 71.9 j 


The third column gives the average relative humidity at. or near the 
beach at 1 1.30 a. m. for November and at noon for the remaining months. 
Details as to the rainfall and humidity during my work are presented in 
the appendix to this paper. While the dryness of the air certainly has 
some direct effect on the coconut trees—for example, in intluencing the 
movement of the hinge, without regard to how well the roots may have 
been supplied with water—1 do not believe that serious damage is ever 
done to tlie tree except by the dryness of the ground. In other words, 
trees judiciously irrigated hare nothing to fear from a drought, however 
severe. 

The cultivated part of the San Itamon farm is well supplied with 
ground water, which, as a rule, finds the surface through a number of 
large springs. Two months after the drought began, some well-cultivated 
spots were still wet from below every morning. During November, 
December, and .January, 1 frequently examined the young tips of roots, 
and through these months there was no important change in the condi¬ 
tion of the ground atul accordingly none in the roots. After the latter 
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part of December there was a rapid drying hack of the streams running 
to the farm from the mountains, and the desiccation of the ground became 
rather abruptly evident a month later. Through January, surface culti¬ 
vation kept all but the most porous ground in good condition, but after 
this time it was practically useless so far as the soil was concerned. 
Hy the middle of March the soil, where it was not sandy and ready to 
crumble, was as hard as if baked, and under the thoroughly cultivated 
surface it was full of fissures as much as a centimeter in breadth. The 
hardness was shown by the behavior of main roots nearly 1 centimeter in 
diameter, to whose disposition to grow in a straight, line the tree owes its 
firmness. These, upon entering the cracks, turned almost at right angles 
and started to follow them. 

In such a soil it is obvious that, in a short time, growth will be 
suspended. On March 21, I was unable to iind any roots apparently 
normally active. The cessation of growth had been accomplished, or 
initiated, by the shortening of the growing region until the hardened 
hypodermis had advanced to within the root cap, obliterating the white 
absorbing surface. The disappearance of the absorbing region in the 
small branch roots, with short, caps, was at lirst loss complete, but by 
April II that portion remaining unligniiicd at llu* tip even of these was 
more or less llaccid, even in the early morning. 

Tin- turgor in tin* cortex of these roots equals nearly 0.4 normal potassium 
nitrate. Approaching the meristeni it is higher, probably 0.5 normal. In the 
cap ami epidermis I was tumble to determine it. It will he noticed that the in¬ 
crease in turgor caused by desiccation and cessation of growth is more than half 
what it is when the cessation of growth and immersion in 0.5 normal potassium 
nitrate net together. This shows what proportion of the increase in the latter 
is directly due to the absorption of the salt. 31 

Of course, the roots of a tree do not all suller alike, because different 
strata of the soil do not become equally dry. 1 tested the amount of 
moisture in the soil on April 11, at depths of 20, (10, and 100 centimeters, 
determining the weight lost, by drying at a temperature of 10.3 ’ 0., the 
dew point being 25.5° C. The loss was— 


At depth of— * por cent. 

20 centimeter*. . .. 10.0 

00 centimeters . .. 21 

100 centimeters . . 3lk 23.2 


For the influence of rather concentrated solutions on the turgor of immersed 
roots, see St.ange, in Hot. Zcit, 1892. For the influemv which the mechanical 
prevention of growth exerts upon the turgor, see especially VfefTer, I'cbcr Druck- 
und Arbeit ttlcintung , 1893. For a general treatment of the dependence of the 
turgor upon the rate of growth, see my paper, IJebcr dew tJin/luss von Livht 
and Temperalur auf dm Turgor , lor. nil. 1800. 

“‘‘The dilferenee in available water is much greater than these figures vVoidj^ 
indicate, for at 20 centimeters in depth the soil is the hard clay already mentioned, 
while at. 100 eentimeters it is a sandy loam, crumbling readily; at 00 centimeters 
it is intermediate in character. 
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A very large part of the roots of the coconut grow in the stratum 
between 20 and 50 centimeters, and a tree to which water is available 
only at a greater depth must suffer. If conditions exist which permit 
roots to grow only at a greater depth, the obvious result will be a larger 
proportion in this deeper situation; in this way trees growing in dry 
places adapt themselves to their environment. However, trees which are 
compelled to adapt themselves to unfavorable conditions of any descrip¬ 
tion cun not be expected to be prolific. This is well illustrated by the 
dearth of nuts on the Cocox-clad. hills about Komblon and Masbate. The 
water which can be drawn from a dry soil contains a greater proportion 
of mineral substances dissolved in it than that which is available when the 
soil is wet, so that the proportion between the quantity of available min¬ 
eral food and the amount of water absorbed is not constant. 

The shoot suffers from the inactivity of the roots. The influence of 
the drought qu the growth of the leaves, and on the action of the hinge, 
has already been shown. The leaflets, which under these conditions are 
more folded, absorb less light, so that the leaf area which the tree has at 
its disposition is less efficient in photosynthesis. A normally active tree 
produced from twelve to twenty-four or more leaves a year. After Decem¬ 
ber, during this drought, no new leaves appeared on trees which were 
less than 2 years old, and not more than one on any tree less than 5 years 
old. As a general rule, the older the tree the later it begins severely to 
suffer, the probable cause being that its roots run deeper than do those of 
the younger ones; but the growth of the leaves of individuals of all ages 
was very evidently retarded during February. This, in itself, would 
result in a decrease in the number of Leaves borne at one time; but 
another factor is at least equally efficient in bringing about this result. 
The old leaves of the coconut are cast in a succession which, in adult 
trees, normally keeps pace with the appearance of the young ones, so 
that the number present at any one time does not materially vary. The 
internal factors causing the fall of the leaves have never been investigated, 
but there is no doubt that dryness is one of them. The “physiological 
dryness” caused by the outside drought naturally finds expression in a 
more rapid aging and falling of the leaves. In fact, the first, and for a 
long t ime the only, noticeable symptom of dryness is the number of leaves 
pendant or falling. It has already been noted that trees without a 
rather indefinite minimum number (say, twenty) of leaves, have not the 
vitality which is necessary to ripen nuts. An individual with only ap¬ 
proximately this number will naturally not bear many. A retardation 
in the production of leaves and an acceleration in their loss, when acting 
together, will rapidly bring even the strongest trees toward this limit. 

The flowering branches are formed in the axils of the leaves, and the 
formation of fewer of the latter must in itself .ultimately result in the 
growth of fewer, of the former. However, in practice, the development 
of these branches themselves is dependent, like any other growth, on a 
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sufficiency of water; it is arrested at the same time as is that of the 
younger leaves, long before the ones formed during the drought would 
bear flowers on their axillary branches, even in the most favorable 
weather. Thus the number of branches whose pistillate flowers were 
“opened” on a certain tree during the six months ending with April, 
1905, was six, whereas during the preceding six months it had been nine. 
The flowers do not open until more than six months after the first appear¬ 
ance of the subtending leaf. 

The number of nuts which can be borne depends upon the number of 
fruiting branches, and on every branch there are more pistillate flowers 
than can possibly give rise to mature nuts. The number which develop 
is a matter of individual difference between the trees; some regularly 
hear as many as ten, others never more than three. My observation of 
mature trees has not shown that the drought exercises any influence on 
the number which blast. It has seemed to me that in a grove in which 
the trees are in the first year or two of bearing a somewhat larger propor¬ 
tion than usual was blasting during the drought, hut then it is also true 
that a very large percentage always <lo blast on such trees (on the first, 
branches no nuts mature), so that this effect is uncertain. Neither have 
I been able positively to determine that the drought exerted any influence 
on the rapidity of the ripening of the nuts. If there is such an influence 
it will he toward a more rapid ripening, the tree thus producing smaller 
nuts, with less store of food. The records of the San Ramon farm show 
the number of nuts cut and the number of nuts and amount of copra sold, 
but they do not show how many nuts have been picked up from the 
ground nor at what times nuts have been used for seed; and these items 
are so considerable that L can draw no sufficiently accurate conclusions 
as to the yield of copra per nut.‘“ u 

The direct result of the checking of the growth of the young leaves ami 
flowering branches will be a deficiency in the yield of nuts, beginning not 
less than nine months after the drought first makes itself felt (nine 
months being about the minimum time between pollination and maturity) 
and ending at least eighteen months after the* drought is broken (that 
being the usual time elapsing between the appearance of a leaf and the 
maturing of the subtended nuts). 

There are other considerations which make it necessary to extend this 
period of depression in both directions. When more than a minimum 
number of nuts are borne on a branch the latter itself is unable to sustain 
the weight, so that the additional support must be furnished hv the 
petioles of the lower leaves. Thu untimely easting or depression of these 
leaves withdraws this support and leaves the branches carrying the great¬ 
est load in a condition in which breakage is likely to occur. The nuts 

w Judging by the eye alone, I can say positively that the nuts cut during April, 
1905, averaged distinctly smaller than usual. 
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are heaviest about three months before maturity, and the loss by premature 
fa 11 in# becomes considerable within five months after a drought first 
becomes serious. At about the same time the drought makes itself felt in 
injury to the crop through another channel. At all times some nuts are 
destroyed by crows, but the loss is usually inconsiderable. However, in 
ii period of drought, when other food is scarce and the water courses are 
dry, they concentrate their attention on the young coconuts and accom¬ 
plish no little destruction. 

The injury to the tree's vitality during a prolonged drought is so severe 
that the return of favorable weather conditions is but slowly followed by 
the resumption of the normal activity. When rains come, the roots must 
awaken from a state of defensive rest in which a prompt response can not 
be expected. The partly folded condition of the pinna*, induced by the 
dryness, seems permanently to remain; at any rate, recovery from it is 
very slow. A tree which through unfavorable conditions has only twenty- 
five leaves remaining has not the strength, oven under the best conditions, 
at once to return to the formation of new leaves at the rate which is neces¬ 
sary for tin* maintenance of a head of thirty. Recovery after a drought 
is a Imilding-up process, and it must be a slow one. It can hardly he 
complete in two years, and the return to the normal crop of ripe nuts 
which can he produced during uninterrupted good seasons can only be 
well under way in this time. 

There is no record of the rainfall at San Ramon prior to September, 
19t)J. The beginning of that year was a period of drought, like the 
one which has characterized the early months of 1905, hut tin* former 
can not have been as intense as the latter, for the springs did not so com¬ 
pletely disappear. The following record of the number of nuts cut shows 
how gradually this drought made itself felt and how prolonged its effects 
have been. 27 


January, 1903. 

May, 1903. 

August, 1903 . 

November, 1903 .... 
February, 1904 

May, 1904 . 

August, 1904 . 

November, 1904 . . 

February, 1905 . 

May, 1905 . 


55,100 

50,000 

45,000 

40,723 

30.037 

33,800 

39,705 

30,208 

31,972 

01,550 


The report of the superintendent of the farm for June, 1902, states 
that there were at that time 5,722 coconut trees in hearing on the farm 
und that 1,809 trees should begin to hear within two years from that dab*. 


Tbe nuts are cut every three months. The work is done by editrnct., tit the rate 
of 2 pesos per 1,000. This record is made from the “general-expense vouchors” 
for the expense of cutting. 
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With this increase in the number of trees, without any improvement in 
their yields, if there had been no drought, the total out of nuts for 1904 
should have been over 300,000; the actual number was 131,410. The 
record just given shows that the period of depression which followed the 
former drought was identical in character with the one to be anticipated 
from the present condition of the trees. The first real step in return to 
a fit yield was the cutting of May, 1905, about two years after the former 
drought ended; the return can not go much farther Indore the elfecls of 
this drought will head it off. 

It is then the experience at this farm that a ‘"dry season'* occurring 
only every other year will constantly keep the yield of nuts at consid¬ 
erably less than half of what it would lie* if the supply of water were 
always sufficient for the tree’s needs. It is obvious that a coconut plan¬ 
tation will be a probable source of continual profit only in localities where 
dry seasons may never be expected or where it is feasible by irrigation 
always to keep the ground sulliciently moist to enable the roots to preserve 
their full, normal activity. 

CONCLUSION. 

We have just seen that a considerable supply of water must constantly 
be at the disposal of the coconut., or it will protect itself against injurious 
desiccation by a partial suspense* of its vitality. The necessity of this 
water as the carrier, in solution, of the plant's mineral and nitrogenous 
raw food has previously been touched upon. 1 made no direct, experi¬ 
ments in the fertilization of the coconut, but it is the unanimous experi¬ 
ence? of those who are. acquainted with the? subject that an increase in 
some of the constituents of its mineral food has a very marked favorable 
etfeet oil the production of the fruit. 1 ’* At San liamon certain trees are 
pointed out as particularly productive because they have long received 
the waste from the kitchen. The quantity of mineral food which the 
tree lakes is roughly proportional to the amount of water which it 
absorbs.- 11 Increasing the plant’s transpiration has, then, the same effect 

Mvperi merits with the object of determining whether the soil surrounding the 
coconut roots contains nitrifying organisms were undertaken by l)r. \V. B. 
Wherry, of this Bureau, tUnfortunately Dr. Wherry left Manila before tins work 
could he completed. Indications of nitrification were not lacking in his work, 
which is sufficiently encouraging to be continued. The assistance of nitrifying 
organisms would be a material Advantage to the coconut, although it has been 
shown nlmvo that the amount of water which the tree takes up and transpires 
would, even in sueh poor soil as that encountered along the beach, contain a 
suUndent quantity of inorganic constituents to allow the plant to thrive. P. C. F. 

It is true that in a wot soil the food is in more dilute solution than in a dry 
one, but this is partially compensated for by the selective absorption of nutrient 
salts from very dilute solutions, the solution absorbed being more concentrated 
than that in the ground. The more dilute the solution the greater is this selective 
power. 
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as applying a fertilizer to the ground. The amount of transpiration can 
be increased in two ways—by increasing the amount of water at the 
disposal of the roots and by improving the (renditions for its evaporation 
from the leaves. 

In seasons of drought the first method does the plant a double service, 
for the water which is artificially furnished is not only valuable in itself 
but also because of the substances dissolved in it. However, during other 
seasons, irrigation may not merely be useless but even very injurious, for 
ground too wet does not favor the activity of coconut roots any more than 
that which is too dry. 

We have seen that tin? transpiration of the coconut is somewhat accel¬ 
erated by the wind, and greatly so by intense illumination. Therefore, 
so long as the roots are not in too dry a soil, it is in the plant's interest 
to be exposed as much as is normally possible to these two agents. On 
any considerable tract devoted to coconut culture this can be done in but 
one way—by not planting the trees too close together. 1 have never seen 
a grove in which the trees were sufficiently far apart so that, unless other 
conditions were very unfavorable, the trees around the outside were 
not much more productive than those in the interior. At San liamon, 
a considerable proportion of the tries are planted in double rows, one row 
along each side of a narrow road. In such a row, which contained no 
nonhearing trees, 1 found the yield at one cutting to average £'£■ nuts to 
the tree. A row of trees along the well-drained bank of a slough yielded 
an average of 37 nuts, all trees producing. A single tree standing by 
itself in the open yielded 55 nuts. In the interior of an old grove, the 
average for the producing trees was about 11, and in the same situation 
in a large one on the neighboring hacienda of Talisayan the average for 
bearing trees was only 8; the individuals in the area where this count 
was made were as a rule about 18 feet apart, their crowns interlaced 
freely, producing a rather dense shade, and many trees were without ripe* 
nuts. 

I have no doubt that up to a distance of at least 15 meters any 
increase in the intervals between trees will result in an appreciable 
advance in the average yield per tree, but by planting beyond the inter¬ 
vals at which the interlacing of roots and of leaves would bring the trees 
into keen competition for water and light, and would also largely break 
the wind passing through the (frowns, the increase iu the yield of nuts 
for the individual trees would not be commensurate with the area of 
land in use. In my opinion, the trees in a grove can usually best be 
placed at intervals of about 9 meters. In exposed rows they may well be? 
closer together, and where intense cultivation is economically possible the 
distance between them may he a little less. 

The natural habitat of the coconut is the strand. It is restricted to 
this because it bears fruit too large to be practically transportable by any 
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other natural agent than the water; ami it is adapted thereto by possessing 
superficial roots which are uninjured by temporary exposure to concen¬ 
trated solutions, by having a tough, very elastic trunk, and by producing 
leaves which are not merely tolerant of the most intense insolation and 
wind but which are unable to work to the best purpose without more light 
and wind than many plants can endure. As is true for every cultivated 
plant, it is possible to create for the coconut conditions altogether more 
favorable for its utmost thrift than are over known to oceur in nature. 
It naturally grows in a “poor” soil—that is, in one in which its mineral 
and nitrogenous raw food is present in very dilute solution. We can 
improve its environment in this respect, and can profitably carry this 
improvement much further than is the general practice at present. But 
the coconut must not be expected to thrive, even in the richest soil and 
with the best cultivation, if its supply of light is restricted by other trees 
or in any other wav, or where the air is too still or an adequate supply of 
water is not always available near the surface* of the ground. 

There is another method of increasing the yield of coconuts, slower but 
more permanent than improved cultivation; this is by the selection of 
seed. I have done nothing with this subject, and only mention it because 
the results of selection can not appear for many years, and a mistaken 
method would bo long in showing its uselessness. Nuts obviously should 
be selected for seed from trees conspicuous for the amount or quality of 
their yield, it is usually not a difficult matter to decide whether or not 
the tree's superior yield is due to its growing under exceptionally favora¬ 
ble conditions. If it is, it shows how other trees may be made to bear 
equally well, but there is no reason for selecting the nuts of such a tree? 
for seed; its offspring can not bo expected to bear more nuts under 
ordinary conditions than the parent would have done without, its excep¬ 
tional advantages. The environment is not hereditary. The* tree the 
nuts of which should be used as seed is the one the production of which is 
great in proportion to its opportunity. A tree bearing regularly 12 nuts 
to the cutting under conditions which allow its neighbors but 8 should 
have its nuts saved for seed in preference to those of an individual having 
.’U) nuts among equally productive neighbors. 
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fIfltfmwrier retuiintjH , San Ramon farm. 

NOVEMBER, 1904. 
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IftfijnmHer reading*, San Hainan farm —Continued. 

NOVEMBER, 1904—Continued. 
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Ibjgrmneter reading*, San Hamnn farm —Continued. 
DKCKMBKR, 1904—Continued. 
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Hygrometer reading «, Sun Ramon farm — Continued. 
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Hygromehr reading*, Han Ramon farm — Continued. 
JANUARY, 1905—Continued. 
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Hf/ffmmeter reading m, Nan liaman farm —Continued. 


FEBRUARY, 1905. 
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Hygrometer reading*, San Ramon farm —Continued. 


MARCH. 190ft. 
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Uj/f/mmeter mutiny*. Sun Ramon farm —Continued. 

APRIL, 1905. 
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ILLUSTRATIONS, 


Plate I. 

Fin. 1. Transverse section of old root, showing continuously thickened endodermis 
and neighboring tissues. 

2. Transverse section, 9 centimeters from tip of root, showing young endo- 

dermis, “e.” 

3. Transverse section of root 4.5 millimeters in diameter, 10 centimeters 

from tip, the hypodermul shell forming. 

4. Transverse section, hypodermal shell of old root. 

5. liOngitudinal section, cortical parenchyma of young root in 5 per cent 

potassium nitrate, showing wrinkled walls. 

(All figures magnified 1 (50 diameters.) 

Plate 11 . 

Pin. 0. Root 8 millimeters in diameter, 1 centimeter from tip, surface view. 
(100 diameters.) 

7. Same, longitudinal section of epidermis. (100 diameters.) 

8. Same, transverse section. (1GU diameters.) 

9. An old pueumathode. (1.25 diameters.) 

10. Longitudinal section of young pneumathode: S = stele, Co = cortex, 

Oa = cap. (2.5 diameters.) 

11. Detail, area "x" in fig. 10. (20.5 diameters.) 

12. Diagram of small pneumathode, showing relation to loose inner cortex 

of parent root. (20.5 diameters.) 

13. Stellate cells, eortex of pneumathode. (87.5 diameters.) 

14. Thickened cortical cells, base of old pneuinatlinde. (87.5 diameters.) 

Plate 111 . 

Fro. 15. Transverse section of hinge, chlorophyll-hearing tissue indicated hy sti- 
pelling. (87.5 diameters.) 

10. Diagram of axis of leaf: A = flbro vascular bundle, R = schlerenchyina 
sheath, C = upper epidermis and hypodermis, Dn green parenchyma, 
K = hinge, F = nether epidermis and hypodermis. (20.5 diameters.) 

17. Upper epidermis, transverse section. (100 diameters.) 

18. Same, longitudinal section. (100 diameters.) 

19. Transverse section of stoma. (100 diameters.) 

20. Tangential section, nethermost layer of green parenchyma; contents 

indicated only where bordering an intercellular space. (100 diameters.) 
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Copeland: On the Water Relations, etc.] 


[Phil. Jovkn. Hci., Vol. I, No. 1. 




THE COCONUT AND ITS RELATION TO THE PRODUC¬ 
TION OF COCONUT OIL. 


By Hbkiikkt S. Wai.kkk. 

(From the Chrmivul Laboratory, Jturcau of Seri run :.) 


THE SOIL. 

Coconut production from flic standpoint of the quality and quantity 
of the oil yielded has hitherto not been investigated, and it: was decided 
to enter into this subject as fully as possible. The first problem which 
presented itself was the influence of the soil in which the trees grow on 
the yield of nuts, copra, and oil. It had been noticed for a long time that 
coconut trees growing near the seashore at San Ramon produced much 
more fruit than those standing farther inland, and it had also been stated 
that the former trees bear a better quality of nuts than the latter. 

To determine how far these facts might be accounted for bv a greater 
fertility of the soil near the sea, the following analyses were made of a 
number of soils in which coconut trees were growing, the samples being 
taken at the beach as well as farther inland, and two from Davao, where 
coconut trees flourish: 
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.33 

.58 , 

. 13 

.018 

.001 

.08 

.45 j 

. 04 

. 004 

.001 

.08 

.18 , 

.03 

. 000 

. 001 

.10 

.88 1 

. 1HK1 

.02 

— 


.11 

.18 ! 

.01 



. 11 

.02 ! 

. 004 



.07 

.05 ■ 

.01 



.OS 

.40 

.05 



.24 

.21 * 

.11 























Moisture on samples K ancl F determined at San Ramon; on all others nt llio 
laboratory, Manila. 

Fine earth determined on original samples. 

Loss on N, PA, KsO determined and percentages calculated to original sample 
on soil dried at 100°~105°. 

Soils marked “A M were taken at a distance of 00 feet from the sea, Aj being 
the surface, A* 18 inches, and A a 3 feet below. 

The B soils were taken from 2,800 feet inland, 40 feet above sea level, where 
trees were not bearing so well, and at the same depths as the A soils of correspond¬ 
ing numbers. 

The C soils were from the same place as those? marked “A,” but were taken at 
a greater depth so as to reach the locality of the deepest roots, (1, being from 
4 feet and O* from 8 feet below the surface. 

The D soils were taken from the same place and depths as the C soils. 

Soil K was taken at a depth of 3 to 4 foot, 0 feet distant from a very healthy 
-f, year old tree near the sea. 

Soil F was taken at a depth of iiU nit 3 feet ami alsmt 1.800 feet from the sea. 
where trees do not liear so well. 


Ilacao soils. 


... Irth. 

Mois¬ 

ture. 

Loss on ! 
Ignition.; 

_ l_ 

IV > s . 

K.>0. 

N. CnO. 

i. _ 

* I f,0 mesh. 

i i j »r. 

7. (JO 

5. 12 

0. 1C. 


(u»:» 'j.sr. 

! n ‘Ji.y 

1.30 

1.43 

.11 

.13 

. IK1 *.>. Mi 


Soil marked “I” was taken at a distance of 50 yards from llio Davao River 
about 1 mile inland from the sea, where trees were growing well. 

Soil marked “IF’ was taken at the mouth of the Davao River about 50 feet, 
from the sea. Jn this location a few young trees were doing fairly well. 

Roth samples were taken at a depth of about I foot. 

Chemically, the results of these analyses show very little difference 
between the soils near the shore anti those farther inland. The latter, 
contrary to what would he supposed, were found to he somewhat superior 
<o the former, although neither could be called extremely fertile. Chlo¬ 
rine was determined in the first six of these samples, with the idea that 
this element might play some pari in the better growth of trees near the 
sea, but the amounts found were so small as to Iw? almost negligible. 
From these results it is evident that the inferior quality of the inland 
trees can not he explained by the analytical difference in the soils; 
neither does the salt from the sea appear to an appreciable extent, even 
around those trees which are actually growing on the beach. 

However, the superior growth of trees near the sea might well he 
accounted for theoretically by the physical characteristics of the soil 
alone. For example, the soil marked u lv' in the foregoing table is prae- 
tically nothing hut a very porous sand which, at a depth of 3 feet, is 
completely saturated with moisture; while F is a very stiff clay, such as 
the Spaniards formerly used for making bricks. While it is true that 
the latter contains more total moisture and plant nutriment than the 
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former, the amount available to the tree is probably not by any means aa 
great, owing to the difference in porosity . 1 In view of the large amount 
of water necessary to the life of the coconut tree, one would naturally 
expect it to grow better in an easily permeable soil rather than in one 
from which water and soluble nutriment can only be taken up with 
difficulty. The objection has been raised that according to chemical 
analyses the soils near the sea do not appear to contain sufficient plant 
food to support life of any kind, much less that of a large and heavily 
productive tree like the coconut. 

From analyses of coconuts made at this Bureau wo have found that 
nuts from San Ramon contain nitrogen, potash, and phosphoric acid in 
approximately the following amounts: 


Part. 

Nitrogen. 

Potash. 

Phew- | 
phorie 
acid. ! 


Husk_ 

iirniHH. 

i.«w : 

drawn. 

drum*. 

0.017 


Shell ..... 

660 i 

. ‘.*47 

. 450 , 


Moat___ 

•».«!« j 

2.475 

1.740 ; 


Milk 

1..VC2 ! 

1.318 

. 171 1 






, Total__ 

i 

X.404 i 

x. 

2.8X7 j 


!_ 



. _ 



In 1 hectare of land on which about 173 trees are growing and produc¬ 
ing, a total of about 7,000 nuts per annum may be expected. 2 Under 
these conditions there is exhausted from the soil by the nuts alone a 


total of— 

Kilos. 

Nitrogen . ;yI>.4D 

Potash .. . . (10.55 

Phosphoric acitl .1. 10.73 


In addition to this there is a large weight of material withdrawn by 
falling leaves. Each tree on an average will lose annually 16 leaves, 
weighing about 3 kilos each, making about 8,300 kilos per year lost by 
173 trees. Analysis shows that in this weight of dry leaves there is 
approximately— 

Kilos. 


Nitrogen . 31.09 

Potash . 74.82 

Phosphoric acid. 24.05 


We have then a total annual drain on the soil per hectare of— 


Kilos. 

Nitrogen . 91.12 

Potash . 135.37 

Phosphoric acid. 41.118 


1 Sec the paper by E. B. Copeland on the character of the roots of the Cocos. 
a This is on the basis of 40 nuts per tree per annum, a very high average foj* 
•San Ramon trees. 



















Assuming these figures to be approximately correct, it would appear at 
first glance somewhat of a puzzle to determine how the tree manages to 
thrive and take up so much nourishment each year from a soil seemingly 
so devoid of fertility as that along the sea at San Ramon. However, 
when we consider the total amount of soil available to each tree, the 
problem becomes a simple one. The root mass of a coconut draws nutri¬ 
ment. from a depth of at least 2 meters below the surface of the ground 
and outward on all sides for from to 6-J meters distance from its base. 
It thus comes in contact with an exceedingly large mass of material and 
it makes use of all the available nourishment therein. 

In 1 hectare, or 10,000 square meters, of land there is available to the 
coconut trees planted thereon a total of at least 20,000 cubit; meters of soil, 
or, if we allow a specific gravity of about two, 10,000,000 kilos. 

From the table of analyses of San Ramon soils, we find that the soils 
near the sea average about as follows: 

Per cent. 


Nitrogen . 0.07 

PotuBh .50 

Phosphoric acid.07 

In 40,000,000 kilos we have- - 

Kilo*. 

Nitrogen . 28,000 

Potash . 200,000 

Phosphoric acid. 28,000 


From the amount taken from the soil in each year, even though no 
fresh addition were made, we can calculate the number of years required 
completely to exhaust this soil of its plant food as follows: 

Yearn. 

Nitrogen . 307 

Potash . 1.178 

Phosphoric acid. 077 

These figures are naturally only an approximation, hut they show that 
even in a comparatively poor ground there exists more than an abundance 
of nourishment for the coconut tree, provided the soil itself is sufficiently 
porous and well watered.' 1 

It seems very probable that in San Ramon at least, if not in most plan¬ 
tations along the seacoast, the nutritive material comes not from the soil 
in which (he trees are actually growing but from an inexhaustible supply 
of water, laden with plaid- food, which is constantly seeping down from 
the higher ground toward the ocean. This underground water supply 
would* account for the flourishing condition of trees in a sandy soil near 
the sea, even in times of drought, when individuals farther inland in 
higher, less permeable ground would he dying from want of water. 

3 8ce the paper by K. IS. Copeland on tin* transpiration of the coconut and the 
amount of water taken up by an individual tree. 















62 


Fertilization and irrigation .—In tho case of the less permeable soils, 
artificial irrigation during the dry season would seem to be of the utmost 
importance, and am addition to the fertility of the land, either in the 
form of manure or of a chemical fertilizer, would probably be repaid by 
an increased yield of fruit. For soils near the sea, under conditions such 
as exist at San Kamon, irrigation is of course unnecessary excepting in 
times of extreme drought, and fertilization would be of doubtful advan¬ 
tage 1 , as the tret's in such a location seem to be growing under the 
best conditions possible without any attention whatsoever. Fertilizing 
material in such localities would probably be leached out and carried into 
the sea before it could ho of much value* to the trees. 

THE NUT ANT) ITS OIL PKOMJCTION. 

The analytical methods used in compiling the accompanying tables 
were as follows: The weights, in grains, of husk, nut minus husk, shell, 
and hi ilk were determined directly. To avoid loss by evaporation the 
meat itself was not weighed hut was assumed to be the difference between 
the weight of tho whole nut (minus the husk) and the combined weights 
of shell and milk. 

Copra --The meat from each nut was allowed to dry in the air over night, so 
as to assume a fairly constant weight, and was then weighed directly; 25 grains 
were then eut. into fine pieces and dried to constant weight at 100° C. for the 
determination of anhydrous copra, the latter being calculated back to per cent 
in the fresh meat. To approximate the amount of commercial copra obtainable, 
an addition of about. 10 per cent should be made because of the water ordinarily 
contained in this product. 

Oil .—The anhydrous copra prepared at San Kamon was sealed in glass bottles 
and shipped to Manila for analysis, the majority of the oil determinations being 
made by Mr. George F. Richmond, of this laboratory. Before this time much 
work had l*»en done in devising a method for the rapid and accurate estimation of 
oil in copra. It was found to be almost impossible to make a complete extraction 
hv the ordinary method of cutting fine pieces and extracting with ether in a 
Soxhlet cone. Even after the apparatus had been running for forty hours, a 
small increase in weight was obtained bv extracting for eight hours more. Grind¬ 
ing with sand and then extracting with ether produced some improvement. 
Extraction with hot chloroform alone took out a little more oil, but it was 
necessary to continue the operation for at least sixteen hours. The method finally 
used was as follows: 

A 2 gram sample was intimately ground with line sand in a glass mortar, the 
mixture transferred to a Soxhlet cone, the mortar washed two or three times 
with fresh sand, and then finally wiped with fat-free cotton. The extraction with 
hot chloroform takes three hours. 

The chloroform is then distilled and the remaining oil dried to constant weight 
at 100° (\ Experiment demonstrated that practically all the oil was extracted 
in two hours. The chloroform extract made in this way proved to lie entirely 
soluble in absolute ether. The sand used was prepared from ordinary sea sand 
by taking all which went through a 30-mesh and which was retained on a 100- 
mesh sieve, heating this product for some time to destroy organic matter and 
then afterwards extracting with chloroform. 
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Age in reference to quality of the nut. —One* of the first himI most 
important; of the problems which presented itself was to determine the 
effect of the age and the relative maturity of the nut on the percentage 
of its various constituents; in other words, to find out the most favorable 
time for opening a nut to obtain the largest and best yield of copra and 
of oil. With this end in view, the following analyses were made of four 
series of ten nuts each: 

Series f consisted of 10 nuts selected from a pile which had just been 
picked from the trees and which were ready to he used for making copra. 
These nuts were all fairly ripe, although the husks wore still green in 
color and full of water. 

Series 11 was made up of 10 nuts from the same pile? as Series I, hut all 
were very ripe. The husks were dry and of a dead-brown color. 

Series III represents nuts which had been selected for seed and set out 
to sprout about three months before the time of analysis. They each 
contained a small embryo or “foot” and had green sprouts protruding fo 
a height of about 6 inches. The husks had absorbed a large amount oT 
water while lying on the ground. 

Series IV was a rather abnormal lot of nuts which had been set out for 
seed similarly to those in Series 1LI, hut for some reason the individual 
ones had failed to sprout, although they hud been standing for si* months. 
The meat had become somewhat softened and in several cases it. was 
discolored and possessed a had odor. To a greater extent than any 
other this series shows what large variations may exist among nuts of 
the same age. 
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Skrikk I .—Ten nut*, fre*k from tree* but fairly ripe (all green kwh). 



. 

! 

fCrialr ‘ Nllt HllOUM 

Husk. , hlwk 

Shell. 


Meat. 



A 


I 








No. 

j* 

t 

1 

I 

a* 

- ! 

8 1 2 

1 i * 

a 

1 

u 

t 

*S 

t 

u 

2 

If 

i 

£ 

fa 

u 

1* 


H 

£ 

i * 

£ 

•s 

£ 

5* 

S.. 


£* 

1 ... . 

2,702 

1,100 

42.9 ! 1,542 

67.1 

290 

10.8 

725 

20.8 

45.2 

54.8 

2 —.. 

3. .... 

2,725 

3,039 

1,265 

1,510 

1,547 

46.4 | 1,460 
49.7 1,529 

18.6 j 1,685 

53.0 

50.3 

51.4 

830 

895 

340 

12.1 

13.0 

10.7 

590 

039 

21.7 

21. o 

43.9 

64 8 

50.1 

45.2 
07.2 

4__1 

1 3,1*2 

585 

18.4 

32.8 

'' --- 

2.830 

1,300 

45.9 j 1,530 

M.1 

299 

10.6 

006 

21.4 

44.5 

55.5 

6 . . .._.J 

1 2,310 

1,106 

47.8 | 1,210 

52.2 

239 

10.3 

541 

23.4 

40.1 

58.9 

7.....! 

2,872 

1,157 

40.3 ' 1,715 

5 59.7 

1 338 

11.8 

052 

22.7 

43.9 | 

56.1 

k —..i 

2,980 

1,350 

46.1 1,580 

: 53.9 

345 

11.8 

580 

19.8 

48.5 

51.5 

•.! 

2,100 

925 

14.0 | 1,175 

; 5o.o 

200 

12.4 

j 505 

24.1 

58.2 

40.8 j 

10___ 

3,787 

1.915 

50.0 1.872 

' 49.4 

395 

i 10.4 

! 717 

18.9 

51.7 

48.3 j 

Average_ 

2,848 

! 

1,323 

1 

40.2 ; 1,525 

1 53.8 

i 

323 

i 11.4 

Oil 

21.8 

40.5 

53.6 ; 


Copra (anhydroiw). Milk. 


Oil. 


Calculated to per cent in 
nut free from hunk. 



; 

j 

g 










No. j 

' 

.id; 

i 1 l ! 

§\ 




; 







a ; s ! 

p c 


p 

U 

s 1 






*8 

8 : t : 

ZB 

A 

% 

A 

&C 

& 1 si 


i 




V 

* 

*» hi 

£ j £ j 

£ 

* 

£ 

*5 

a> 

£ : $ 

2 

* 

£ 

O 

s 

Oil. 

1 ... 

__J 827 

07.2 32.8 j 

12.1 

527 

19.5 

» 

8.1 ; 18.8 

47.0 

21.2 

34.2 

14.3 

2.. 

1 

1 

1 

60. 4 ! 33. 0 ; 

9.5 

540 

19.8 

172 

0.3 | 22.0 

40.4 

17.7 

37.0 

11.8 

3- 

_ 351 

09.8 30.7 

11.5 

495 

10.3 

243 

8.0 • 26.8 

41.8 

28.0 

32.4 

15.9 

!-. 

__192 

59.8 40.2 

0,0 

710 

22.3 

115 

3.0 : 20.8 

35.8 

; 11.7 

43.4 

7.0 

5.. 

.. '270 

| 03. 4 j 30.0 

9.5 

026 

22.1 

171 

0.0 19.5 

39.6 

' 17.7 

40.9 

11.2 

0 .. 

_ 250 

04.9 j 35.1 I 

10.8 

4:40 

18.6 

102 

7.0 i 19.8 

44.7! 

20.7 

| 35.5 ; 

ISA | 

7.. 

. ! » 

| 62.3 | 37.7 . 

10.0 

725 

25.2 

! 179 

6.2 ; 19.7 

38.0 

10.7 

42.3 | 

10.4 

8. _ 

___ ' 281 

03.0 | 37.0 | 

9.6 

055 

22.3 

177 

6.0 ; 21.8 

86.7 

17.8 

j 

11.2 

9_ 

. ; 209 

05. 3 j 34.7 ; 

12.8 

410 

19.6 

l 170 

8.4 22.1 

43.0 

22.9 

34.9 

15.0 

10 

- ; 371 

! 08.7 I 81.3 

9.8 

700 

20. 1 i 

255 

0.7 | 21.1 

j 38.3 

j 19.8 j 

40.0 ! 

; 18.0 ! 


Average .. 280 

05.0 ; 35.0 j 

10.2 

588 

20.0 

187 

6.6 j 21.2 

40.5 

| 18.9 

38.3 ' 

12.4 i 
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Series 11 .—Ten nute } vent W/w? ( deotl-hrnmi hunks). 
[Selected from pile of ttevoral thousand.! 




a 

Hunk. 

Nut minus 
hunk. 

Shell. 


Meal. 


No. 

sc 

‘55 


•M 


*4 



j 





If 

*3 

A 

60 

§ 

A 

to 

s 

O 

A 

to 

1 

•a 

I 

tn 

A 



1 

£ 

£ 

*3 

s? 

£ 

~Z 

is 

%* 

£ 

ru 

sc 

u 

Pm 

OO 

ioa 

1- 


2,616 

605 

25.4 

1,951 

74.6 

352 

13.5 

774 

29.6 

43.5 

o _ 


1,935 

350 

18.1 

1.585 

81.9 

328 

17.0 

602 

31.1 

59.9 

3 .. 


2,025 1 

460 

22.7 

1,565 

77.3 

262 

13.0 

644 

32. ft 

50.9 

4- 


* 1,681 : 

332 

19.7 

1,349 

80.3 

283 

16.8 

596 

85.5 

51.5 

5 

1 

1 2.070 

480 

23.2 

1,590 

76.8 

320 

15.5 

585 

28.2 

51.6 

A . . 


2,192 

647 

29.5 

j 1,545 

70.5 

380 

17.4 

715 

32.6 

56.3 

7 - 


2,945 ; 

460 

15.6 

! 2,485 

j 84. 4 

430 

; 14.6 

980 

33.3 

42.4 

8 


! 1.948 

437 

| 22.4 

j 1.511 

I 77.6 

330 

! 17.0 

611 

32.9 

56.9 

9 


2,049 

1 500 

! 24.4 

i 1,549 

1 75.6 

309 

1 15.1 

675 

32.9 

51.7 

10 . 

-- 1 

1 1.735 

425 

| 24.5 

• 1,810 

j 75.5 

260 

i 15.0 

590 

34.0 

54.4 


Average_ 

j 2,120 

j 476 

1 

, 22.6 

: 1.644 

i 

! 77 - r ' 

326 

! 15.5 

i 

680 

i 

1 32.3 

i 

| 52.0 


No. 


Copra (anhydrous). 


2 

L 


Milk. 


Oil. 


(Calculated to per cent in 
nut free from husk. 


56. 5 
* 10.1 

49.1 

48.5 
48.4 
43.7 

57.6 

43.1 
48.3 

45.6 

48.0 



Weight. 

Per cent 

Per cent 

; Per cent 
in m 

Weight. 

; Per cent. 

Weight. 

s 

u 

£ 

T > 

* 

Meat. 

i 

P 

Milk. 

"5 

1 __, 

337 

:,.o 

46.0 

12.9 

| 825 

at . s 

182 

7.0 18.0 

39.7 

17.3 

42.3 

9.3 

a —.! 

360 

66. 1 

33.6 

18.6 

, 655 

as . 8 

239 

12.3 20. 7 

38.0 

■22.7 

11.3 

15.1 

3 -- ; 

328 

61.7 

38.3 

16.2 

| 659 

31.8 

202 

10.0 

16.7 

41.2 

21.0 

42.1 

12.9 

4_ ! 

307 

62. 2 

37.8 

18.3 

470 

28.0 

191 

11.4 

21.0 

44.2 

22.8 

31.8 

11.2 

5 .. 

802 

59.6 

40. 4 

14.6 

685 

33.1 

180 

8.7 

20.1 

36.8 

; 19.0 

43. 1 

i 11.3 

r . : 

402 

58.9 

41.1 

18.3 

; 150 

20. 5 

237 

10. M 

2 4.6 

16.3 

26.0 

29.1 

: 15.3 

7_ 

415 

58.1 

41.9 

11.1 

>1.075 

36.5 

241 

8.2 

17.3 

39. 4 

I 16. 7 

43.3 

! 9.7 

8 .... 

365 

66.3 

33.7 

18.7 

5lu 

27.7 

242 

12.4 

21.8 

42.4 

! 24.2 

35.8 

16.0 

9 _ 

3 19 : 

63.3 

30. 7 

! 17.0 

565 j 

27.6 

221 

10.8 

11.7 

19.9 

43.6 

i 22.5 

, 36.5 

14.3 

10 _ 

321 ! 

, 63.1 

! 36.9 

18.5 

460 

26.5 

203 

19.9 

45.0 

24.5 j 35. 1 

15.5 

Average_ 

319 

| 61.4 

38.6 

1 16.7 

i 

638 

29. 7 

1 214 1 

1 

10.3 

20.0 

1 

41.7 

•,,7 

38. 3 

13. 1 ; 


»Milk very turbid. 


30512-5 


water. 
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Kkkikn III .—Nuts sloreil three months, just bftfinnini/ to sprout. 



£ 


IIUHk. 

Nut minus 
husk. 

Shell. 


Meat. 


No. 

*c 

•£ 

if 

1 

6 

i 

4 

JQ 

£ 

4> 

iS 

Per cent. 

§ 

5J 

is 

Per cent. 

Weight. 

Per cent. 

Weight. 

■M 

a 

1 

Per cent 
copra. 

Per cent 
water. 

1 ......... 

2,935 

15 

1,318 

44.7 

__ 

1,622 

55.3 

326 

u.i 

" ' ' 

711 

24.2 

w.a 

42.8 

2 __ 

2,138 

25 

1,060 

49.7 

1,073 

50.8 

232 

10.9 

558 

25.9 

50.7 

49.3 

.. 

1,966 

15 

729 

87.1 

1,237 

62.9 

275 

14.0 

557 

28.3 

55.7 

44.3 

4_ _ 

1,666 

10 

565 

33.9 

1,101 

66.1 

242 

14.5 

509 

30.0 

52.8 

47.2 

.v .... 1 

2,791 

20 

1,653 

59.2 

1,138 

40.8 

232 

8.3 

561 

20.1 

49.9 

50.1 

6 .. 

| 2,587 

5 

i 1,395 

55.0 

1.142 

45.0 

285 

11.2 

505 

19.9 

52. R 

47.2 

50.1 

7— _.__ 

2,664 

50 

j 973 

36.5 

1,691 i 

63.5 

299 

11.2 

752 

| 28.2 

19.9 

8 _„... 

3,993 

5 

2,731 

68.4 

1,262 

31.6 

281 

7.0 

536 

j 13.4 

51.5 

48.5 

9 ___ 

6,062 

15 

3,115 

61.5 

1,947 

38.5 

398 

7.9 

849 

| 16.8 

40.3 

59.7 

10 _ 

j 2,300 

10 

j 1,160 

50.4 

1,140 

49.6 | 273 

| 11.9 

: 5-10 

| 23.5 j 

| 51.7 

! 48.3 

Avcrage _ 

2,80S 

17 

| 1,469 

49.6 

jT»85 

50.4 

284 

_ 

j 10.8 

1 607 

1 

i !BU 

51.3 

48.7 




i Copra (anhydrous). 

! 

Milk. 

on. 

Calculated to per cent in 
nut free from husk. 


No. 

i 

! 

© 

d 

I 

1 
(J w 









i 



! ? 

c 

c 

9 c 


c 


(3 








A 

•s 

a/ 

i * 

! 

£ 

8 

£ 

i 

A 

M) 

*5J 

is 

u. 

£ 

i ~ 

is 

O 

& 

£ 

Shell. 

Meat. 

g 

p. 

Milk. 

•« 

1 - 


J 407 

62.4 

37.6 

13.9 

570 

19.4 

25-1 

8.7 

20.1 

13.8 

25.1 

35.2 

15.7 

2 

....... 

j 280 

59.5 

40.5 

13.1 

263 

12.3 

167 

7.8 

21.6 

51.5 

26.1 

21 . 5 

15.5 ‘ 

8- 


811 

63.8 

36.2 

15.8 

390 

19.8 

199 

10.1 

22.2 

14.9 

25.2 

31.5 

16.0 ! 

4 - 


.! 269 

68.6 

36.4 

16.1 

340 

20.4 

171 

10.3 

22.0 

16.2 

24.4 

30.9 

15.5 

5.. 


. 1 280 

65.1 

34.9 

| 10.0 

325 

11.6 

182 

6.5 

20.4 

49.3 

24.6 

28 . 6 

16.0 

6 _. 


J 2 «.; 

58.7 

41.3 

i 10.5 

i 317 

13.7 

156 

| 6 . 2 

25.0 

44.2 

| * 23 - 3 i 

SO . 4 

13.7 

7 __ 


_! 875 1 

| 60.0 

40.0 

| H.i 

[ 590 

22.2 

225 

> 8.4 

17.7 

44.5 

22.2 ! 

34.9 

13.3 ; 

8 __ 


| 276 

60.6 

39.4 

6.9 

440 

11.0 

167 

4.2 

22.2 

42.5 

21 . D 

31.9 

13.3 * 

9 — 


-j 842 

| 62.2 

87.8 

6.8 

685 

1 13.5 

212 

4.2 

20.4 

43.6 

17.6 

35.2 

j 10.9 

10 


J 279 

| 

62.1 ! 

37.9 

| 12.1 

317 

13.8 

173 

7.5 

24.0 

47.4 

24.5 ' 

27.8 

15.2 | 


Average. 

J 309 

61.8 

38.2 

r # 

*1 

15.8 

191 

7.4 

21.6 


23.5 ! 

1 

31.4 

14.5 j 
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Sbrikh IV.— Xut* stored six month* which had not sprouted . 
[Most nut* of this age have sprouts 20 to 30 centimeters long.] 


No. 


1- 

2 _. 

I 

ft. 
6 . 
7-. 
8 _. 
«... 
10 .. 


*2 

§ 

is 

I 


2.908 

2, Ml 
3,419 
8.1M 
2,023 
2,270 
3.110 
2.103 
3,238 

3, ftSft 


o 

I- 


drain*. 
A 


s 

4> 

ss 


1.272 I 
1,382 | 
1,748 ; 
1,402 | 
1,123 j 
1,228 j 
1,939 
1, 143 j 
1,800 | 
2,22ft | 


Average_j 2,800 L- 


No. 


1,502 j ! 


I 


dt. 

Nut minus 
husk. 

Hliell. 

Meat. 


Per cent. 

Weight. 

: Percent. 

J3 

» 

o 

* 

Percent. 

Weight. 

Percent. 

j Per cent 
copra. 

Per cent 
water. 

43.7 

1.030 

50.3 

367 

12.« 

i i ; 

083 23.5 ] 51.8 | 48.7 

54.4 

1,159 

4ft. A 

197 

7.8 

492 19.3 ' »3.0 

67.0 

51.0 

1,070 

49.0 

360 

10. ft 

600 | 19. 5 j 41.1 

55.9 

40.3 

1,092 

53.7 

277 

8.8 

WOO ; 25. 4 51.3 

18.7 

55. ft 

900 

41. ft 

252 

12.5 

500 | 21.7 ! 51.7 

15.3 

54.0 

1,048 

16.0 

160 

7.0 

478 | 21.0 J 33.2 

Mi. 8 

02.2 

1,176 

37.8 

260 

8.4 

530 ; 17.2 i 37.3 

02. 7 

00.1 

960 

39. 9 

180 

7.5, 

153 j 18.8 ^ 29.3 

70.7 

55.6 

1,438 

II. 4 

202 

8.1 

090 ! 21.fi 34.9 

65.1 

02.1 

1,300 

37.9 

272 

7.0 

638 j 17.8 ! 38.2 

01.8 

54. ft j 

1,305 

Ift.ft | 

259 

9. i ; 

591 | 20.9 | 40. 7 

59.3 ' 


6 _ 
7. 
8 _ 
9. 
10 . 


350 i 


294 : 
410 1 


130 

200 


242 

244 


Average. 


24ft 


»rn (anhydrous). 

Milk. 

on. 

Ciilculutcd to per cent In 
nut free from husk. 

o 

d 

%. 

L 

B 5 






i 

! 




§ 

£ 

1 

hi 

£ 

? C 

i 

Weigh 

S 

i- 

£ 

& 

•SP 

'SJ 

£ 

1 

£ 

Shell. 

Meat. 

; Copra. 

Milk. 

3 

61.4 

38. A 

12.1 

580 

20.1 

21A 

7.4 

22. ft 

41.6 

21.4 

3ft. 5 

13.1 

67.7 

32.3 

6.7 

470 

18.5 

115 

4.5 

17.0 

! 42.5 

11.7 

40. ft 

9.9 

69.0 

31.0 

8.6 

650 

19.0 

203 

5.9 

21.5 

j 39.7 

17.5 

38.8 

12.1 

68.4 

81. A 

13.0 

615 

19. ft 

281 

9.9 

16.4 

47.3 

24.2 

30.3 

16.0 

j I*-* 

25.6 

13.5 

143 

; 7.i 

204 

,10.1 

28.0 

i 55.6 

88.3 

15.9 

22.7 

! 56.3 

43.7 ! 

6.0 

410 

: i8.o 

77 

3.4 

1ft. 8 

j 45.6 

13.0 

39.1 

7.3 

' 60.2 

38.8 ! 

0.4 

380 

; 12.2 

132 

4.2 

22.1 

! 45.6 

17.0 

32. 3 

11.3 

74.1 | 

25.9 

5.5 

327 

; i3.6 

98 

41 

18.7 

j 47.2 

13.8 

34.1 

10.2 

: «#•* 1 

30.6 

7.5 

480 

14.8 

153 

4.7 

18.2 

! 48.4 

16.8 

33.4 

10.7 

| 58.5 

41.5 

6.8 


12.fi 

| 143 

4.0 

20.0 

| 46.9 

17.9 

33.1 

10. ft 

j 65.9 

31.1 

8.6 

! 451 

1 

; 15.5 

| 162 

ft. 8 

20.0 

| 40.0 

19.fi 

: 34.0 

,,4 


The variation unions individual nuts in the foregoing: analyses was rather 
greater than had Ikmmi exj>eeted, and it is doubtful if even an average of ten nuts 
gives more than an approximation of their true value at. a given age. 
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However, considering the average percentages as calculated to 1 hi* nut 
free from husk, there appears a gradual increase in the proportion of 
meat, copra, and oil from Series 1 to Series III, with a corresponding 
decrease in the percentage of milk, indicating that the meat is becoming 
firmer, is losing some water and gaining oil, as the nut increases in age. 
In Series IV, those* nuts which had been kept for six months, the meat 
remains practically the same in amount, hut then* is a marked drop in 
tin* proportion of copra and oil, probably due to decomposition or other 
changes which are beginning to take place in the meat. However, So. f> 
of this scries, a nut in which decomposition had already set in, shows 
an abnormally high percentage of both copra and oil, a fact which is very 
hard to account for, although it is possible that this individual may have 
been still higher in these substances before decomposition began. In 
both Series 1 and IV" the percentage of oil in the anhydrous copra is 
considerably higher than it is in 11 and Ill, though this is more than 
counterbalanced by a much lower proportion of*copra in the meat. Both 
in very fresh and in overripe nuts there is a considerable deficiency in 
oil, hut the principal loss is in the amount of copra to he obtained, this 
result, being due to a higher percentage of water as compared with solid 
matter in the meat. In all these nuts it will he noticed that the propor¬ 
tion of shell to the whole nut varies but little. 

Analyse* of nuts from the same trees but of varying degrees of ripe¬ 
ness .— In order as much as possible to eliminate the variations in the 
individual nuts, and to discover if those taken from the same tree would 
not show greater uniformity in their composition, fifty nuts from one tree 
near San Ramon were procured for analysis. 

Ton of the* least ripe among Uu»m» were analyzed iih shown in Sprit's V. All of 
the individuals of this sprit's were well devt'loppd externally, lmt were full of 
milk, and not yet sufticiently mature to be picked for making copra. 

The ten ripest nuts of the lot were next selected (Series VII). Their husks 
were of a (lend-brown color and thoroughly dry. 

The remaining thirty were in a condition which might lx* termed “fairly ripe”— 
that is, they were of the kind ordinarily ust*d for making copra. Nine of these 
were analyzed at on pc (Series VI), and the remainder shipped to Manila for 
storage and future analysis. In Series V, VI, and VII “total solids” in the 
milk were determined in addition to the regular analysis. 
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Skkir8 V .—Ten nut# not fully ripe, fresh from free . 




Husk. 

Nut minus 
husk. 

1 

Shell. ! 

j 

Meat. 

Copra (an- 
hydrous). 

No. 

.be 

‘53 


j 


V 

; 

. . *i : . 

~ • c . : c . 




fi 


S 

Jc 

c 

£ ? ~ 

g : tc ■ 8S 


? . 


1 

u 

‘Z 

£ 

£ 

a- 

'be 

‘3 

is 

t/ 

k. 

£ 

,be • ^ : be 

* 1 £ j X 

^ ; a, | ? 

« : * ■ 2 

h, i h. . ►- £ 

o» , a* - ■ " 

M |d< | ^ 

* 

V 

'* 

»- 

. . 

1 .. . 

4,227 

2,005 

70.0 

1,232 

20. 1 

i i 

232 i 5.5 j 410 

0. 7 ; 33.2 ! 66. H 

136 


2 -- 

4,018 

2,770 

60.0 

1,248 

31.0 

240 i 6.0 i 428 

10.6 j 34.3 ! 65.7 

147 

66.0 

3- 

1,012 

2,882 

71.0 

1,130 

28.1 

220 5.5 | 378 

0. 4 ! 30.0 70.0 

114 

63.0 

'* .i 

4,535 

3,380 

74.5 

1.155 

25.5 

j 210 ,4.8 301 ' 

8.7 ; 27.7 72.3 

100 

64.5 

ft i 

! 3,737 

2,656 
j ‘-2.787 

71.0 

1,082 

20.0 

j 205 j 5.5 362 ! 
| 214 : 5.5 118 

ii 7 ! •>»: o i 74 n 1 


r »ti 0 

6 _ 

3.031 

70.0 

1,144 

20. 1 

10.6 33.2 66. S , 

130 

62.0 ! 

7. . . - 

3,010 

! 2,850 

72.7 

1,060 

27.3 

! 212 ; 5. 4 . 347 

8.0 20.8 70.2 ; 

103 | 

64. 6 

.H__ 

3.967 

2,700 

ttx.l 

1,267 

31.0 

j 244 | 6.1 j 410 

10.6 37.2 : 62.8 

156 j 

66.0 

o - ... 

4, oir. i 

2,800 

60.4 

1,240 

30.6 

i 230 i 5.0 i 450 ; 

11.1 37.5 62.5 • 

152 j 

65.8 

10 --! 

! 3.1X7 

: 1,005 

61.7 

1 222 

38.3 

| 240 7.5 | 445 | 

14.0 1 48.2 51.8 | 

214 ! 

60.9 

Average _ 

3,058 

2,770 

l 70.0 

1,170 

30.0 

| 227 : 5.8 405 ; 

10.3 . 33.7 ! 66.3 j 

136 

M.r, 

i 


Copra (un- ; 
: hydrous). : 


Milk. 


(.'tilciliated to per rent in 
lint free from husk. 



Per een 

c - 

y = 

Im 

£ 

y 

E 

Weight. 

i 

£ 

jjf 

£ 

1 : 
£ ! 

Shell. 

Meat. 

i 

; 8 

Milk. 

C 

1 _ 


3.2 

6.0 

01.0 , 

500 

13.0 



18.8 

33.3 

11.0 

47.0 


2.. 

33. i 

3.7 

5.0 

04.1 

580 

11.4 

08 

2.4 

10.2 

34.3 

11.s 

16.5 

7.0 

3. 

36.1 

2.8 

6. 5 

03.5 | 

<»32 

13.2 

73 

1.8 

10.5 

33. 1 

10.1 

47.1 

6.4 

4 .... 

35.5 

2.4 

6. 5 

03.5 ; 

542 

12.0 

70 

1.6 

10.0 

34.1 

0. 1 

16.0 

6.1 

5 . _. 

41.0 

2. 5 

\ 6.7 

03.3 ■ 

515 

13.8 

53 

; 1.4 

18.0 

33.5 

8.7 1 

47.0 

1.0 

6_ 1 

:i8.u 

3. 5 

6.0 

04.0 

512 

13.0 

86 

2.2 

18.7 

36.5 

12. 2 : 

44.8 

7.5 

7 - ; 

35.4 

2.6 | 

l 6.6 

04. 1 J 

510 

13.0 

67 

: 1.7 : 

10.8 

i 32.6 

o. r,; 

47.7 

6.2 

8 _ ..... 

33.1 

3.o ; 

i 67 

! 03.3 j 

60-4 

15.2 

101 

2.6 

10.3 

33.1 

: 12.3 i 

47.6 

8. 1 

0 _ 

34.2 i 

3.8 

. 6.0 

04.0 | 

551 ; 

13.6 i 

100 

' 2.5 ; 

10.3 

36.3 

! 12.3 ; 

44.4 

8.1 

10 __ 

30.1 ! 

! 6.7 

! 5.6 

01.4 j 

537 ■ 

16.8 

150 

1 4.7 : 

10.6 

36. 4 

‘ 17.5 1 

44.0 

1 

12. 2 

Average , 

35.5 j 

! 

j 3.5 

i 

6.3 

03. 7 i 

i 

517 j 

13.9 i 

1 

80 

1 . i 

; *-'■» ! 

10.2 

34. 4 

! _ 

: 11.5 1 

i_ .1 

46.4 

Y5 " | 
_i 
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Skrirs VI .—Xiw nut* from name tree as Series V, but fairly ripe . 




" 

2 

' 

Husk. 

Nut minus 
husk. 

Shell. 

Meat. 

Copra (an¬ 
hydrous). 


No. 

f 

. 







«- ! fl . 

2 . 

. 

a 



4 

f 

Weight 

Per cen 

M 

*«• 

£ 

1 

1 

4 

I 

1 

1 

| 

£ 

i \ n 

1 ;l 8 

Per ce 
water 

Weight. 

Per cei 
oil. 

1« 


1,644 

1,670 

602 

3ft. 0 

1,042 

1,020 

63. 4 

‘207 

12.6 

400 

28.0 | 50.7 
27.3 j 54.0 

49.3 

45.4 

233 

248 

03.8 

02. 7 

:»»_ 


650 

38.9 

01.1 

El 

12.0 

455 

3 1, _ 


2,300 

1,115 

18.4 

1,185 

51.6 

229 

fftfl 

506 

22.0 j 51.8 

48.2 

262 

64.3 


___ 

2,101 

1,076 

49.7 

1,089 

60.3 

217 

10.0 

405 

21.4 i 50.5 

49.5 

235 

64.1 

ft* _ 

_ _ 

2,519 

1,294 

51.4 

1,225 

48.6 

231 

9.1 

501 

19.9 | 19.6 

50.5 

248 

61.1 

lie . 


1,948 

992 

50.9 

956 

49.1 

180 

9.0 

frfll 

20.5 ; 53.0 

46.4 

215 

66.8 

7« _ 


3,407 
! 2,512 

2,262 

1,440 

05.2 

1,205 

1,072 

,14, M 

232 

0.7 

473 

450 

13.7 ! 45.6 
17.9 j 50.4 

5-1.5 

49.0 

215 

227 

00.9 

04.9 

H« . 

9*' _ 

-.—- 

57.3 

01 4 

42.7 

38.0 

197 

7.9 

3,230 

1 9s5 

1 245 

471 

! 1J .4 4 11 












/. 1 


1 11. U ' ‘I**, d 

Oft. / 




Average - 

2,384 

j l.MH 

51.1 

| 1,110 

48.9 

211 

9.4 

405 

i 20.0 i 50.1 

i i 

| 49.9 

232 

i 

04.7 


No. 


l-_. 

o_ 

3 ... 

•1 .. 

5 . 

6 .. 

7 . 

8 _ 

9.. 


Copra (an- 
hydrous). 


Milk. 


Average - 


"Dead ripe. 


Oil. 









‘ " ‘ 






o. 

s 



1 

2 








*3 

5. 




1 

£ 








fl 

f® 


o 

*» 

c 

c 


c 






g 

u 

g® 

t* 

A 

bC 

8 

u 

8 

ti 

8 

h. 

u 

g 

h 


1 

•* 

i 

dS 



£ 

£ 

£ 

* 

fti 

p 

cu 

£ 

a! 

f. 

s 

5 

© 














36.2 

14.2 

375 

22.8 

4.4 

<195 .6 

149 

9.0 

19.9 

44.1 

22.4 

30.0 

14.3 

! 37.3 

14.9 

364 

21.8 

4.1 

•‘95.9 

156 

9.3 

19.7 

44.0 

24.3 

35.7 

15.3 

1 85.7 

11.4 

| 450 

19.0 

5.0 

95.0 

169 

j 7.3 

19.3 

| 42.7 

22.1 

38.0 

14.2 

36.9 j 

10.8 

| 407 

18.8 

4.9 

95.1 

151 

! 7.0 

19.9 

! 42.7 

21.5 

37.4 

13.8 

1 35.9 

9.8 

! 193 

19.6 

5.7 

91.3 

159 

j 0.3 

18.9 

1 40.9 

20.3 

40.2 

13.0 

1 81-2 

11.0 

j 370 

19.0 

5.2 

94.8 

142 

i 7.3 

19.5 

■ 41.8 

22.5 

:im. 7 

14.8 

i 33.1 

j 0.2 

! 500 

14.4 

5.6 

94.4 

144 

1 

19.3 

! 39.2 

17.8 

41.5 

11.9 

| 85.1 

1 9.0 

j 425 

16.9 

5.8 

91.2 

147 

| 5.9 

18.4 

| 42.0 

21.2 

39.6 i 13.7 

! 34.8 

| 0.4 

515 

; 16.9 

6.0 

91.0 

137 

| 4.2 

18.4 

37.8 

10.7 

43.8 

11.0 

! 35.3 

i 

| 10.4 

437 

! 18.9 

6.2 

j 94. H 

150 

; ,; - 7 

19.3 

41.7 

21.0 

39.0 

13.0 


Caleulated to per rent in 
nut free from husk. 


“Ripe." 


*“Kairly ripe.*' 


•* Oil separated. 
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Skrikh VII.—A Ufa from name tree an Srric* | r , hut tleml ripe. 


No. 


1 „ 

2 ~ 

4__ 
ft ... 


8 ... 
\) ... 


Average 



Hunk. 

Nut in 1 m ih ; u . .. 
hunk. 


Mi'itt. 


Copra f an¬ 
hydrous). 

J3 












M 

i 









— 


% 

6 

; Weight. 

Per rent. 

s 

£ 

Per cent. 

; Weight. 

: Percent. 

’ Weight. 

| Per cent. 

Per cent 
copra. 

ti 

is 

Weight. 

a 

£ ! 

j 1,624 

545 1 

33. ft 

1,079 

66.4 ; 217 

13.4 

462 

28. 1 

51.9 

48.1 

240 

63.0 

i, m 

48ft j 

32. ft 

1.007 

07.1 202 

is. r. 

450 

30.1 

55.1 

44.9 

248 

66.0 

1,127 

«»i 

38.3 

880 

ftl.7 18ft 

13.0 

41ft 

20.1 

58.6 

41.4 

243 

fifi. ft 

1 i, -m 

44ft j 

29. H 

1, OftO 

70.2 j 187 

12. ft 

438 

29.3 

4ft. 3 

54.7 j 

198 

65.3 

1, flfiH 

ft28 [ 

38.7 

1,040 

66.3 , 202 

12.9 

411 

28.1 

53. ft 

46.5 j 

23ft 

64.2 

: i, 137 ! 

172 ! 

32.8 

ikift 

07.2 ' 198 

13.8 

137 

30.4 

ftfi.7 

43.3 | 

248 

67. 1 

1 1.71ft 

m ! 

36. K 

1.08ft , 

«3.2 ' 202 

11.8 

476 

27.7 

51. S 

1 48.2 j 

246 

67. ft 

| i, rm 

m • 

31.3 

1,07ft j 

68.7 j 20ft 

l:).l 

483 

30.9 

53.3 

4ft. 7 \ 

261 

6ft. 0 

i i, 452 : 

4ft0 | 

31.0 

1,002 | 

09. 0 j 188 

13.0 

436 

30.0 

53. ft 

46.5 ; 

233 

6ft. 6 

j l.soft i 

ftl2 | 

33.9 

1,194 j 

Oft. 1 j 210 

12.1 

496 

27.5' 

53. ft 

46. 4 ! 

266 

08.3 ; 

| i,55» j 

520 j 

33. 4 

1,038 

Oft. ft i 201 , 

. i 

12.9 | 

453 i 

i 

i 29. 1 

1. 1 

j ft; 1.8 ; 

46.7 ; 

242 j 

66. 0 j 

| 



Copra fan 


Milk 

! Oil 

Calculated to per cent in 


hydroiiM). 



| 

nut fret* from hunk. 


d 

as 

Ih 


! 4 ■ $ 

i ; 

j | 


1 


No. 


5 . 


■ £ * 

1 ! 








1 S s- 






** 

a 

flB 


c c c 

~ i S 


1 



2 

tJ3 

■§. 

t ■■ t ■ t 

•& : t 

3 - 1 £ 

J 



u 

u 


hi k. k. 


U 1* Ou 




£ 

£ 

- 

£ j £ . £ 

i & 

A , Ji , © 

j ^ • o 

; 5 

5 

1 _ __ . 

3ft. 1 

14.8 

100 

24.6! 4. ft 95.5 

153 9.4 

20.1 j 42.8 | 22.2 

37.1 

14.2 

2 .- . 

34.0 

1ft. ft 

355 

23.8 ; 4.3 95.7 
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While there is still some individual variation among nuts from the 
same tree, these last analyses very conclusively show the change which 
is taking place as the. fruit becomes riper. The average percentages of 
copra and oil, for example, in the nut free from husk in the green fruit, 
are only 11.5 and 7.5, respectively, hut they rise to '! 1 and l.‘U> in the 
“fairly ripe” nuts, and assume a maximum of 23.4 and 15.5 in the case 
of the series which had been allowed completely to ripen while still on 
the tree. This gain is partially due to an increase in the percentage of 
meat, which runs 31.4, 41.7, and 13.5 in Series V, VJ, and VII, respec¬ 
tively, at the expense of milk, which falls from 45.1 to 33 and finally to 
35.8, hut it is also largely accounted for by the increase of solid matter 
and loss of water in the former. The percentage of anhydrous copra in 
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the meat of the green fruit is 33.7; it rises to 50.1 in that of the "fairly 
ripe” nuts and increases to 53.3 in those marked "dead ripe.” The 
“fairly ripe” nuts which had been sent to Manila showed 51.1 per cent of 
anhydrous copra in the meat after standing during one month, and, after 
two, 53.0 per cent, this last figure being very nearly the same as that 
obtained from the "dead-ripe” nuts taken directly from the tree. The 
amount of oil obtainable from this copra also seems slightly to increase 
with age, running 64.5, fi4.7, and <>6 in the three series (V, VI, and VII), 
and in those nuts which had stood for one and two months it was found 
to be 57.00 and 67.11, respectively. However, it is also quite possible 
that these changes of oil content in the copra in greater part are due to 
individual variation in the nuts themselves. 

Another interesting fact brought out by these analyses is the gradual 
decrease of the amount of the total solids in the milk as a nut grows riper. 
In green nuts this quantity averaged 6.3 per cent and the milk has a 
sweet, pleasant taste and is saturated with a gas which I have proven to 
he carbon dioxide. The occurrence of an alcoholic fermentation in the 
center of a sound, growing fruit, with absolutely no access of air to the 
milk inside, is practically impossible, and, besides, analytical tests have 
proven the absence of alcohol in the fresh milk, so that probably the 
carbon dioxide is a by-product of a process, possibly dm* to enzymes, which 
is constantly changing sugar and water into fat and cellulose. The milk 
from the nuts called "fairly ripe” was not so pleasant to the taste, con¬ 
tained very little, if any, carbon dioxide, and had decreased in total solids 
to 5.2 per cent; while the "dead-ripe” samples produced a milk which was 
rather insipid, which contained no gas, and which in most cases had a few 
drops of clear oil floating oil the surface; the total solids in tin? latter had 
been further reduced to 4.4 per cent. 

Changes taking place during the. ripening of a coconut .—From the 
foregoing data, and from observations made on very young nuts, the 
following arc probably the changes which a young coconut undergoes 
before it reaches maturity: 

When the young fruit first appears it. consists of a white, astringent 
tasting, semi fibrous mass, which afterwards is destined to form the husk; 
and of a thin, green outer skin. The nut gradually increases in size, with 
very little change in composition, until it lias grown to ho about 3 inches 
in diameter. Jt then has a comparatively small, hollow space in the 
center which is completely filled with a watery fluid of an astringent, 
slightly acid taste, and which is much like the juice from a green husk. 
As this period begins, a rudimentary shell is formed around the inner 
surface of the nut ; at first this is very thin and soft, but slowly it becomes 
thicker and harder. Not until the nut; has reached its maximum size, 
with its shell completed, is there any indication of meat or of oily 
material. When the shell has been formed the milk changes in character, 
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it becomes rather sweet, and a slimy, gelatinous mass, having a sweetish 
taste and containing comparatively little oil begins to deposit on the 
inside of the former. At iirst this forms ehirily on the lower half of the 
nut, but finally it covers the whole inner surface. This pulpy mass soon 
grows thicker and denser, it increases in oil content at the expense of 
sugar in the milk, uutii it assumes the well-known characteristics of 
ordinary coconut meat. During this last stage the evolution of carbon 
dioxide which previously was mentioned occurs. Even in ripe nuts, after 
I hey have been picked from the tree, there seems to he a slight continua¬ 
tion of the hardening process in the meat, covering a period of from two 
to three months, or until the sprout makes its appearance. Then oilier 
changes occur, the reverse of those which had taken place previously; the 
nourishment concentrated and stored up as fat is now transformed into 
sugars and other bodies capable of being directly assimilated by the young 
plant. As this process goes on the embryo or ‘‘foot'’ gradually increases 
in size until it occupies the whole space inside the nut and makes use of 
all the nourishment contained therein for the growth of the young tree. 

Therefore, for the largest yield of copra and oil, only thoroughly ripe 
nuts (the husks of which have begun to turn brown) should he used, and 
it is often advisable to allow the latter to stand in a dry place for a few 
weeks before they are opened. The greatest care should be taken to avoid 
using green nuts, as it is shown by the tables given above that a loss of 
almost 50 per cent may thus result. 

On the other hand, coconuts should not be stored too long, for in about 
throe months the embryo begins to grow, ami, even before that, time, those 
nuts which may have been cracked or bruised in gathering, have a 
tendency to become rancid. 

Analysis of nuts of different color.* In a certain portion of Sun 
Ramon farm there exist, growing side by side in the same kind of soil, 
two apparently different varieties of coconut trees, one of which uni¬ 
formly produces nuts of a golden-yellow color, while* the oilier bears a 
light-green fruit. Both varieties eventually turn brown at; maturity. 
Analyses of these nuts are given in the accompanying tables, Series VIII 
being ten ripe nuts from a tree which hears a green fruit, while Series I N 
is made up of nuts from a tree about 5(1 feet away whose product is 
yellow until it becomes “dead ripe. v ' 
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Skkiks VIII. — Ten thnmut/hhf ripe nut* from our tire, 

|The nuts on this trot* till have n green husk until they heroine “dead ripe," when they change 

to mini I brmvn. J 
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8KRIKH IX .—Tm thoroitgiihf ripr nuts from our trrr. 

[These nuts have a loddon-yellow color until dead ripe, when they look like those of Merit* VIIT.l 


No. 


«_ 
7- 
8 _ 
9 

10 . 


Average 


A 

Husk. 

Nut minus 
husk. 

Hhell. 


Meat. 

.5f 

a* 



. 

j 

e 

. 

i 


C . IB. j 

is 

1 

H 

A 

* 

c 

t 

§ 

1 

% 

3 

v 

i i 
* 

c 

b 

tg ! tt ; 

£ 

A 

■L 

2 

0 1 
£ 

h. 

eu 

zj j 

h. 

& 

hi P { hi > ! 

; £'.\ 

1.818 

428 

26.5 

1,18.5 

73. ft 

230 

14.3 

495 j 

30.7 

47.1 52.9 ! 

1.960 

620 

26.7 

1, 440 

TJ.3 

266 

13.0 

589 1 

30.0 

53.6 46.1 i 

; 1,657 

875 

22.6 

1,282 

77.8 

210 

14.5 

i 547 j 

33.0 

53.1 46.6 j 

| 1,606 

353 

22.0 

1,25ft 

78.0 

235 

14.5 

545 ; 

33.9 

52.7 : 49.3 

1 1,6.58 

83ft 

20.3 

1,318 

79.7 

245 

14.8 

568 : 

34.4 

53.1 j 46.9 

1,677 

560 

85. ft 

1,017 

! 64.5 

20ft 

13.0 

| 432 ' 

27.4 

40.6 ! 51.3 j 

1,780 

510 

28.7 

1.270 

! 71.3 

252 

JI.2 

! .533 i 

20.9 

53.6 46.4 

| 1,660 

380 

23.0 

1.270 

| 77.0 

247 

15.0 

! 538 ■ 

32.6 

51.2 : 48.8 1 

j 1,607 

■107 

31.1 

1,100 

i 68.9 

1 225 

14.2 

| 495 j 

30.9 

43.4 : 56.6 i 

1 1,926 

486 

25.2 

j 1,440 

1 - - 

! 74.8 

| 257 

13.4 

i 591 | 

30.7 

51. 2 ‘ 4s. s 

j’ 1,702’ 

i 4u 

26.2 

j 1 . 258 

j 73.8 

! 

239 | 14.1 

i 

533 i 

' 1 

31.3 

i 50.9; 49.1 



Copra (anhydrous). 1 Milk. 


Oil. 


(Calculated to percent in 
nut free from husk. 


: 


a 


\ *J 

! 


! 



i b. 5 

A 

bo 

b 

A 

be 

: b 

j ! 

*; 

i 1 

id 


* h. 

! £ 

& 

h> 

£ 

V 

*5 

■ h. 

£ 

A 1 

ffi 

2 

S 

a ; 

'*■> 

j Oil. 

1 

1 

: 14.5 

460 

28. 5 

149 

| 9.2 

19.4 | 

41.8 

l«.6 : 

38.8 

12.6 

16.1 

595 

30.3 

202 

10.3 

17.8 j 

40.9 

21.9 : 

41.3 

14.0 

• 17.6 

495 

•29.8 

187 

111.3 

18.7 | 

42.7 

22.8 i 

38.6 

14.6 

17.8 

475 

29.6 

184 

11.4 

18.7 j 

43.4 

22.9 j 

37.9 

14.6 

j 18.2 

! 505 1 

30. ft 

193 

11.7 

' 18.6 j 

43.1 

22.8 | 

38.3 

14.6 

i 13.6 

! 380 

24.1 

j 137 

; 8.7 

1 1 i 

42.5 

21.1 

37.4 ; 

13.5 

! 16.0 

! 485 

•27.2 

; 182 

10.2 

: 19.9 | 

42.0 

22.4 ! 

38.2 

14.4 

! 16.7 

485 ■ 

29.4 

• 177 

;10. 7 

; 19.5 1 

4*2.9 

•21.7 | 

38.2 

13.9 

: 13.5 

; : 

23.8 

138 

• 8.6 

; 20.5 ! 

45.0 

19. 5 | 

34.5 

; 12.5 

j 15.7 

592 

30.7 

' 193 

jlo.o 

i 17.9 ; 

41.0 

21.0 ! 

41.1 

13.4 

I 16.0 

486 i 

1 ! 

28.4 

j 174 

10.2 

iia.1 j 

42.5 

21.6 ! 

38.4 

13.8 



















76 


Very littlo difference can be observed between these two varieties; the 
average weight is almost exactly the same; the percentage ol f husk and 
shell is somewhat lower in the yellow nuts, but this advantage to a large 
extent is counterbalanced by their percentage in milk, so that the amount 
of meat in the two remains practically the same. The yellow nuts 
average 272 grams of anhydrous copra against. grams in the green 
ones, which is quite decidedly in favor of the former. 

Unfortunately, the copra from Series IX was spoiled in transit to 
Manila. Calculations on the oil contents of this series were therefore 
based on the assumption that this copra would have contained 64 per 
cent oil—that is, the same percentage as that found in Series VIII. 
Figuring the yield of oil on this basis, we have an average of 171 grams 
for the yellow nuts against 154 for the green ones. However, it will he 
noticed that these tables show a difference of over loo grams in each 
series between the maximum and minimum weight, of oil, therefore if 
another series of analyses of nuts from these two trees were to ho made 
possibly the slight advantage in favor of the yellow nuts might he 
reversed. At any rate it may be concluded that the color of a nut has 
very little, if any, influence on its composition. 

Xuts from different localities .— In order to test the truth of the state¬ 
ment that coconuts produced by trees growing along the seashore* are of 
a quality superior to those taken from farther inland, ton nuts wen* 
selected at random from a large? pile* gathered near the* sea and analyzes! 
as shown in the accompanying Series X, while a like number was secured 
from a similar one containing the product of trees growing some 1.S00 
fend inland (Series XI). 
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Siciukh X. 7en nutsfrom a pile «/ /,000 taken from trees near the sea. 
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Jn selecting nuts for the two preceding series of analyses no attempt 
was made to secure uniformity as to size and age. On the contrary, they 
were picked out with a view of obtaining fairly representative samples of 
the largest and of the smallest, as well as of the most and of the least 
mature in each pile, so that they would vary through a wide range of 
color and weight. On comparing the two lots it will he seen that the 
results agree? very closely. Scries XI averages a little higher in the total 
yield of copra, hut the oil content of this copra is somewhat lower than in 
Series X, so that they yield almost exactly the same quantity of oil per 
nut. The proportion of husk taken from the seashore nuts (41.8) is 
much larger than it is from those gathered from the interior (32), but 
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this is compensated for by the fact that the percentage of milk in the nut, 
free from husk, and of water in the fresh meat is considerably lower in 
the former than in the latter. Therefore it appear* to be very evident 
that the superiority of trees growing near the sea is solely due to the 
quantity and not to the quality of nuts they produce. 

Analyst's of large numbers of mils ,--As a check on these last results, 
secured on a small scale?, it was decided to determine the actual weight 
of the various products of the eoeomit under the conditions ordinarily 
obtaining in the manufacture of commercial copra, and, with this end 
in view, 1,000 nuts were procured from trees growing near tin* seashore* 
and the same number from those standing in the interior. After lying 
for one month the nuts wen* put through the regular process for making 
copra which has previously been described. The weight in pounds of the 
whole nuts, husks, meat and shells, dried shells, and copra was determined 
directly on an ordinary Fairbanks scale, the meat and milk being obtained 
bv difference. Five hundred nuts from each lot were sun dried and 500 
grill dried and the resulting weight of copra multiplied by two to give 
the yield of 1,000 nuts by each method. For the determination of moist¬ 
ure and oil in this copra, twenty samples were taken from each lot, cut 
into small pieces, and quartered down to about 100 grams. The moisture 
was determined at once, after which the copra was scaled and sent to 
Manila to secure the determination of the oil content. Both moisture 
and oil were determined in triplicate. 

Seri ics XII. 


! I Seashore nuts. j Inland nuts. 


Portion determined. 


! 







Weight in, , Vrp( . nf (Weight In ,, t 

kilos. i ,orrim * kilos. 

! ! 

Weight of 1,000_ 



1 ' : 

2.303 j 100.0; 

2.-2K0 , 

100. 0 

Husks . .. 

___ 


S97 ; 3S.0 

703 

30.8 

Nuts minus husks_ 



1. Rill 1 « 

2.0 

1..VI2 

09. 2 

Moat and shell... 



920 _ . 


979 .... 


Milk_1.. . 

... 


•*>37 : 22.7 [ 

003 

20. 1 

Shell (dry)__ 



! 2M2 1 

1.9 I 

291 

12.7 

Mrn t_ ___ 


- - .. 

•H7 27. 1 | 

thHM 

30. 1 



Seashore nuts. 



Inland nuts. 


Portion determined. 

Sun dried. ! drill dried. 

Sun dried. 

_ 

. 

(•rill dried. 

.... 


Weight 

Per ■ Weight 

Per 

Weight 

Per 

Weight 

Per 


in kilos. 

cent, j in kihw. 

cent. 

in kilos. 

cent. 

in kilos. 

rent. 

Copra___ 

302.1 

12. h) 330.2 

H.O 

822.9 

14.1 

mo 

M.O 

Oil ..*..... 

1S2.2 

7.7 1 1W. 9 

8.4 

191.1 

8.4 

189.8 

8.3 

Moisture in eopra_ 


9. 2 ;.. 

8.(1 


9.8 


10.1 

oil in eopra_ 


00 .3 I.... 

00.2 


MV.! 


57.0 
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This work, performed as it was on a large scale, agrees rather more 
closely with the results obtained from the series of ten nuts each than was 
to he expected. Here, again, it may be observed that the proportion of 
husk from the seashore nuts is considerably higher than it is from those 
from the interior, while the total amount of water is correspondingly less, 
so that nuts from the two localities yield practically the same amount of 
copra and oil. 

While weighing out 1,000 nuts from the seashore trees it was found 
that 55 of them, or 5.5 per cent, wen* in such a had condition as to be 
unfit for making copra, and fresh Tints had to he substituted. Out of the 
same number from the interior only 15 wen* spoiled. The cause of this 
difference is probably found in flu* fact that the nuts from trees near the 
sea.fall upon harder ground and are therefore more apt to become bruised 
and injured, and it is very possible that, the inferior yield of sun-dried 
as compared with kiln-dried copra, in the case of the seashore nuts, is 
due to this, (liven perfectly sound coconuts, the two methods of drying 
should produce equal amounts of copra, but a green nut, or one which 
has begun to decay, would undoubtedly be more subject to the attacks of 
mold, bacteria, and inserts during the* comparatively long alternate 
heating and cooling incident to the sun-drving process than if it were 
dried quickly at a higher temperature. 

The figures obtained in this last series on a commercial basis establish, 
even more firmly than do the results of analyses alone*, the fact, that there 
is practically no difference in quality between the nuts gathered along 
the* seashore and those from farther inland. They should also he of some 
value* as representing the average yield in copra and oil from nuts pro¬ 
duced in the southern parts of the Islands. 

M T TS FROM DAVAO. 

The* following analyses were made of ripe* coconuts, collected near 
Davao, about 1 mile inland from the sea. In this region two varieties of 
trees have been noticed, one producing large nuts rather pointed in shape, 
the other hearing a smaller, rounder fruit. 

Series XIII consists of ten of the small nuts, Series XIV of the large 
variety. On examining these figures it. will he noticed that Series XIII 
shows very much the* same proportion of its various constituents, as well 
as the total of oil, as the average lot of ripe nuts from Sain Ramon. 

Scries XIV excels in total weight of oil simply because it is made up 
of larger nuts. The percentage of oil in the nut, free from husk, is the 
same in l>oth series. The nuts in these two series were fairly uniform in 
composition, with the exception of No. 7 in Series XIV, which had a 
total weight of only 92 grains of oil, less than one-half of the average 
amount. 
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28. M 
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88.0 
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10.5 | 
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28.5 

55.0 

45.0 
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75.0 
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11.0 
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42. s i 
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15.1 
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25.2 
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14.0 
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11.2 

i aa-7 

88.8 

13.3 
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Brrikm XIV .—Da mo nut a, large* 





Husk. 

Nut minus 
husk. 

Shell. 


Meat. 


Copra. J 


No. 

Total weight. 

Weight. 

Per cent. 

Weight. 

Per cent. 

Weight. 

Percent. 

Weight. 

Percent. 

Per cent copra. 

Per cent water. 

§ 

V 

ft 

; Per cent copra 
in nut. 

1 - 


3,070 

010 

20.0 

2,100 

70.4 

452 

14.7 

760 

2ft. 0 

43.7 

56.8 

335 

10.9 

2 


3,092 

735 

23.4 

2,307 

76.0 
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lft.0 
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27.4 

52.3 

47.7 

442 

14.3 


_ . 

2,301 

014 

2ft. 7 

1,777 

74.3 
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12.9 

703 

31.9 

53.9 

40.1 

411 

17.2 ! 

4 __ 

_ _ 

2,737 ; 039 

23.4 

2,098 

70.6 
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12.4 
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»•» 
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1,731 
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m 
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28.8 
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4ft. 5 
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15.7 

0__ 
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705 82.3 

1.002 

07.7 
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13. ft 
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29.0 

43.9 

66.1 

301 

12.7 1 

7 
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! 3*2.0 

1,280 j 68.0 
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12.9 
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28.2 

81.2 

08.8 
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8.8 j 

8_. 

.. _ 
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003 

i 29.2 
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52.0 
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14.4 
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49.9 
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10- 


2,020 
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12.8 
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2,028 
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I 
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1 29.0 

1 
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.. 
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1 
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11.7 
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92 
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•Oil separated from the milk, hence the nuts wore very ripe. 


| To be followed by a payer on '‘The Keeping Qualities and the Causes 
of Rancidity in Coconut Oil” in the next number of the Journal. | 




















Walker: Thb Coconut, etc.] [Phil. Jours. Sci., Vol. I, 



Plate I. COCONUT PALMS GROWING ON THE BEACH AT SAN RAMON, SHOWING HABITAT. 








Walker: The Cocos it. etc.] [Phil. Jours. Sci., Vol. I, So. 



Plate II. THE NUTS SET OUT IN THE SEEDING BEDS. 







Walker: The Coconut, etc.] |Phil. Jocrn. Sci., Vol. I, No. 



Plate III. GATHERING COCONUTS IN PILES NEAR THE DRYING SHEDS. 





Plate IV. SORTING AND HUSKING NUTS ON THE BEACH NEAR THE DRYING SHEDS. 








Plate V. METHOD OF HUSKING THE COCONUT. 




Walker: The Cooket. etc.] [Phil. ^ V ol. , No 



Plate VI. BREAKING OPEN THE COCONUT BEFORE DRYING? THE MILK GOES TO WASTE ON THE GROUND. 





Walker: The Cocos it. 



Plate VII. SUN DRYING THE NUTS ON TRAYS. 






W alker: The Cocunvt. etc.] [Phil. Jocrx. Sci., Vol. I, No. 



Plate VIII. SUN DRYING, SHOWING THE NUTS ON THE TRAYS, READY TO 8E PUSHED UNDER THE SHELTER. 







Walker: The Coconut, etc.] [Phil. Journ. Sci.. Vol. I, No. 



Plate IX. KILN USED FOR DRYING NUTS. 
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Plate X. KILN DRYING; THE HALVES OF THE COCONUTS ARE PLACED OVEH THE GRILL FOR THE PRELIMINARY DRYING. 





THE OCCURRENCE OF SCHISTOSOMA JAPONICUM VEL 
CATTOI IN THE PHILIPPINE ISLANDS. 


By Pad i, H. Wooi.i.ky. 

{From the Serum. Laboratory, Bureau of Science.) 


As long ago as 1887 Maxima, in Japan, wrote? of a peculiar form of 
liver cirrhosis which was caused by an unknown parasite. In succeeding 
years his observations received corroboration from various sources. The 
ova of this parasite were found not only in flic liver but also in other 
organs, and it soon became apparent that the observers w'ere dealing with 
a definite endemic disease which was more or less closely confined to the 
Provinces of Bingo, Yamanashi, Hiroshima, and Saga. From a tow r n 
in Bingo (Kata vania) the malady has taken its name, so that in Japan 
it is known as the “Katavama disease/' 

In 11)04 Katsurada studied fifteen cases of tin? infection, and in the 
stools of five found ova which resembled those of Schistose mum htrma- 
tobiimi. Later, in dissecting dogs and cats from an infected district, 
he encountered (in a cat) flukes within the portal vessels. These he 
described (August 30, 1901) in a Japanese? paper, in which he proposed 
the name Schislosomum japaniemn for the parasite. Later, in Decem¬ 
ber, 1904, Katsurada published again on this subject, this time in Herman, 
and stated that Fujinami had announced (October, 1901) the discovery 
of a female S. japonicnm in a human subject. In the same year, in lesions 
of the liver, mesenteric glands, and intestines of a Chinaman from the 
Province of Fukien, China, Catto, at that time resident medical officer 
of the Singapore quarantine station, found certain bodies which lie 
believed to lie eoceidia. The case was first reported as one of coecidiosis, 
but later this diagnosis was changed, and in September, 1901, the claim 
was set forth that tin* bodies were the ova of a new' parasite. Later still, 
Blanchard, after seeing Catto -m specimens, gave the trematode the name 
of Schistosoma cattoi. and in 1905 Catto described it under that title. 
Catto based his description upon material obtained from the human sub¬ 
ject, while Katsurada based his largely upon that obtained from cats, and 
this distinction, as Stiles insists, must be taken into consideration. 

This being tlu? cast 1 , the conclusion is fairly safe that the parasites 
described from Japan and China are of the same species. It also seems 
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Assured that they nre quite different from the Egyptian form S. lnvnta- 
t ohi-urn . 

Here it is only necessary to say that the worms are characterized by the absence 
of the ciliated warts on the integument, which are a marked feature of 8. ha'inato* 
bium. Minor anatomic differences are the size of the worm [average 10.43 milli¬ 
meters (Katsurada) ], the length of the vas deferens, and the lobular character 
of the testes. 

The eggs are smaller than those of 8. haniatobiuw, have blunter ends, uml no 
spine. 

A complete comparison of the Chinese and •Japanese worms and of their ova will 
he found in Stiles’s paper. 

The description of the clinical symptoms of the disease “Katnyalml ,, 
must, for the present, he taken from the Japanese reports, since in neither 
Catto's nor my ease was there any opportunity for clinical study. 

Katsurada was able to examine from 30 to 54 cases every year while 
stationed in the infected district, in which his residence extended over 
about five years. He observed hut few deaths (thrCe to five annually) 
which he considered were directly due to the parasite, hut ho regards the 
indirect mortality as much higher. Defective physical development* is 
the rule in affected children. Diarrhoea is usually the first symptom to 
he noted, while amemia and ascites generally follow later ; however, the 
most striking feature is the shape assumed by the* trunk. The hypogas¬ 
tric region seems to shrink, while the epigastric enlarges, a transverse 
furrow forming directly above the umbilicus, so that the general appear¬ 
ance of the abdominal region is that of an inverted gourd. Dilatation of 
the epigastric region and of the lower part of the thorax was noted even 
in patients whose liver and spleen were not much enlarged. The com¬ 
monest symptoms are an initial increase in the size of the liver, followed 
by a decrease, a secondary enlargement of the spleen, a muco-sanguinous 
diarrhoea, severe attacks of ascites, and progressive amemia. Katsurada 
found the ova of the parasite under discussion and also those of Trico- 
ccphalus dispar , Uurinaria . and Ascaris Inmbricoidcs in the stools of his 
patients. 

Yamagiwa deserilied (181)0) a case of Jacksonian epilepsy in which lie found 
ova in certain nodules in the brain. These ova were similar to those now 
known to occur in < *Katayanm.” At the time Yamagiwa first reported bis ease 
be considered these ova to Ik? those of the* lung distome. but lie now believes 
himself to have been dealing with Schistosoma japonicum. 

In (ditto’s ease the right. lol>e of the liver extended for a distance of two fingers’ 
width below the costal margin ami the left lobe a hand’s breadth below the 
sternum. The spleen was enlarged. 

Mv case occurred in a native Filipino who lmd not been out of the 
Islands and who at the time of his death was in Bilihid Prison. He died 
suddenly of a terminal bacterial infection in the course of intestinal 
anuebiasis and uncinariasis. The liver was not enlarged, hut the spleen 
was somewhat increased in size. 
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I lie pathologic? details ol the Japanese eases, as described by Katsurada 
(Scheube), are as follows: 

At autopsy the liver is loss than normal in size mid its surface is marked by 
small nodules, larger than those observed in Laennec’s cirrhosis and smaller than 
those of the usual gross form. The capsule of (ilisson is thickened. Microscopical 
observation shows connective tissue increase and round-cell infiltration in the 
capsule of Olisson in which the ova lie, in part in the lumen or in the walls of 
the portal capillaries and in part in the connective tissue*. There are also fibrous 
nodules and tubercle-like areas which contain ova, although those* are not. com¬ 
monly seen in the parenchyma. Jn addition to their location in the liver, the 
eggs are also found in the intestinal wall (especially that of tin* large intestine), 
in the mesentery, in the mesenteric glands, the lungs, and the brain. In the 
intestinal wall they especially occur in the* suhniucosa. and often are present in 
such umnlicrs as to cause the mucosa over them to liecmiic bulged out or even 
eroded. Kaiiumori (Kchcuhc) found in one ease, in the rectum and sigmoid, 
adenomas resembling the new' growths described by Kartulis in /tilhnrziosis. In 
the lungs and brain the egg* are encountered in tube tele-like masses, surrounded 
by round-cell intilt ration and an increase of connective tissue. 

In C-atto's ease the liver and spleen were both enlarged. The condition of the 
peritoneum suggested that repeated attacks of peritonitis had occurred. The 
appendices epiploicu* wen? thickened ami in places were matted together. The 
recto-vescieal pouch was almost obliterated. The mesenteric lymph glands were 
enlarged. The liver was apparently cirrhotic. The colon was thickened and. its 
mucous membrane was swollen, hyperjemie, and friable, and presented small 
circular, superficial erosions amt patches of necrosis. The rectum was adherent, 
to the bladder. The mucosa of the ileum was congested and formed thickened 
patches. The stomach, pancreas, adrenals, kidneys, heart., and lungs showed no 
gross lesions. In sections of the liver, mesenteric glands, and bowel small oval 
bodies were found which were at. first, believed to he coccidia. Subsequent exaininu- 
tiou disproved this and showed them to 1st* the ova of a trematode. Nematode 
embryos were found in smears from the large intestine and in the vessels of a 
mesenteric lymphatic gland, hi sections of the mcso-colon, adult trematodes were 
found in blood vessels, and ill the uterus of one of these were oval bodies corre¬ 
sponding to those seen free in the tissues in other sections. Tlu» parent, worms 
wen* 4*n cou 11 to red in small groups at. the bifurcations of the small mesenteric 
vessels. When? the ova had accumulated in certain places they had provoked a 
small cell infiltration which gave rise to a proliferation of fibrous tissue, hi the 
intestine, from ca*cuin to anus, the ova. roughly occupied two concentric layers 
the one subperitonenl where they were comparatively scarce, the other submucous 
when* they were innumerable. They were also plentiful in the mucosa, and more 
numerous in the necrotic areas, in which situation they wen* seen apparently to 
he in the process of extrusion. 

The rectum and appendix wen* the parts most, affected in the entire intestinal 
tract. Ova were found throughout the small intestine, hut only in patches and 
in comparatively small numbers. They were plentiful in the liver, lying singly 
or in large or small clumps embedded in the hypertrophied tihrous tissue. They 
were also found in the thickened trabecula? of many of the enlarged mesenteric 
glands. Ova-wern also encountered in the outer wall of the gall bladder, in the 
pancreas, liver capsule, the tihrous coat of the mesenteric vessels, mesenteric, 
pylorus, duodenum, jejunum, and ileum. Ova of Ti'ichocrphnlus dispor ami 
Aftraris JumhncoidvH were also seen in the bowel. 

The east* to he described was one of the series which formed the basis 
of a report on the pathology of intestinal amtehiasis by Dr. Musgravo 
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and the writer. During the investigation of the pathologic anatomy of 
that disease 1 discovered the presence of the ova which, in the opiuion of 
Shiga, Fujinami, and Stiles, are those of 8. japonic um v. cattoi. 

The autopsy was performed by Dr. Musgrave a few minutes after the 
death of the patient. There was an old, discharging abscess on the right 
arm and another on the right side of the thorax extending into the 
pectoral muscles. The subcutaneous fat was well preserved and the 
muscles were somewhat pale. The left lung showed an intense conges¬ 
tion, with oedema of the lower lobe. The right was also congested and 
an abscess, over which the two layers of the pleura were firmly adherent, 
was present in the lower lobe, binding the lung to the diaphragm, ribs, 
and sternum. The cavity of this abscess, resembling those seen in 
amcehiasis, was filled with a thick pus. The abdominal cavity was free 
from adhesions. The walls of the intestine were somewhat thickened and 
the mesenteric lymphatics moderately enlarged. The spleen was enlarged 
and a well-marked chronic perisplenitis was present; it was adherent to 
the diaphragm, and its surface was wrinkled and pale. The liver showed 
a considerable perihepatitis and was hound to the diaphragm and abdom¬ 
inal wall by firm adhesions. On tlu? dome was a large scar resembling 
that resulting from a healed abscess; about this were old and dense 
adhesions. On section, the liver was pale and cloudy, giving an increased 
resistance when cut. The kidneys showed a moderate parenchymatous 
degeneration. The stomach and the small intestine showed a well- 
marked catarrhal condition, and in the former there were a few small 
haemorrhages. In the upper 40 centimeters of the small intestine there 
were a number of uneinaria. The large bowel gave evidence of amoebic 
infection throughout, but the most marked pathologic changes were in the 
transverse and descending colon, and less in the caecum and rectum. In 
the most advanced lesions the process simulated a luvmorrhagic enteritis 
in which small superficial ulcerations predominated. Those ulcerations 
displayed a considerable variety, but the deep-sloughing, undermined 
ulcer was not present. The appendix was not involved. (Musgrave.) 

Microscopically, large numbers of amudm 1 were found in scrapings from 
the ulcers and in the intestinal contents, but none could be demonstrated 
in the pulmonary abscess. Ova of uneinaria were also present in the 
intestinal contents. 

Tissues from the intestine, liver, and lungs were secured and pre¬ 
served in Kaiserling\s solution. Bits of these were embedded in celloidin 
and paraffin. Sections were stained with hematoxylin and eosin. 

The histological study showed that the mucous membrane of the large 
intestine was atrophied and, in areas, eroded. The submueosa was thick¬ 
ened and (edematous. Tin* muscular layers presented hut little change. 
The ova occurred chiefly in fibroid tissue in the submueosa, where they 
were innumerable and surrounded bv round-celled infiltration. In the 
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mucosa they were much fewer, in the subperitoncal layer very infre¬ 
quent, in the muscular layer absent. In the liver they were confined 
almost entirely to the perivascular tissues, and were most commonly seen 
about the intralobular vessels. They also occurred about the interlobular 
vessels and in the parenchyma. In the lungs they were found only in 
the tissue about the abscess cavity and wen* seen in but very small num¬ 
bers. Wherever they were present they were surrounded by small-cell 
infiltration and fibrosis. 

The following comparative measurements of the ova were furnished to 
rue by Dr. Shiga, after he had examined mv specimens and compared 
them with those of Fujinami and Munson: 



Mutinon. 

Fujitmnii. 

Woolley. 

Length ___ _ 

mm. 

0.1)728 

nun. 

o. mv> 

nun. 

0.0021 

. 0430 

B mu 1th. , . 

.048 




In the opinion of Katsurada these parasites feed upon the blood and 
in this way produce the umemia which, according to the .Japanese reports, 
is a common symptom of the disease. He also (see Stiles) suggests that 
tin? worms probably form a toxin which perhaps is the cause of the 
enlargement, of the liver. The eggs may form embolisms in various 
organs, most frequently in the liver, in which they cause inllammation and 
increase in the connective tissues, producing a type of cirrhosis in winch 
the surface of the? organ is coarsely and irregularly granulated. These 
changes assist in bringing about more or less prominent portal stasis. 
The eggs in the mucosa and submucosa of the intestine, especially of the 
colon, cause more or less severe inllammation; resulting in part in the 
destruction, in part in the formation, of tissue, changes which are some¬ 
times followed by the tumor-like growths described by Kanamori, and 
sometimes by ulcers. 

Katsurada believes that the disease originates from stagnant water. He 
says that in summer the water standing in the rice fields becomes coven?d 
with bubbles which break when in contact with the skin, with resulting 
itching and eruptions. Infection, then, he thinks takes place through the 
abraded skin. In plaees wiiere artesian-well water is used and where the 
people do not wade in the bubble-covered water the disease is becoming 
less frequent. 

Since visiting the farming districts of Japan I have little doubt 
but that the disease is a water-borne one and that it originates in the 
riee fields or irrigated gardens. The same is true ol China. In both 
these countries the fields are fertilized by human excreta to such an extent 
that in many places traveling is most unpleasant, because of the odor. 
Under such circumstances the opportunities are excellent; for the trans¬ 
mission of a disease which is caused by a parasite the ova of which are 
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passed in the stools. Whether infection occurs through the skin or not is 
still a question, though from the distribution of the eggs in the body we 
would suppose that it omirred by tbe gastro-intestinal route. However, 
tl»e same is true of uncinariasis, and still there; appears to he considerable 
evidence of the occurrence of the latter infection through the skin. 

The significance of this new case is evident. It. means that not only 
in China and Japan hut also in the Philippines there is a disease caused 
by a blood parasite which may of itself, or by its eggs, and perhaps also 
by a toxin, produce a serious condition resulting in cirrhosis of the liver, 
splenomegaly, ascites, dysentery, progressive aiucmia, and also, possibly, 
epilepsy of the Jacksonian type. In certain stages of the infection the 
condition may he confused with tropical splenomegaly, of which it 
possibly is one of the much-sought-for causes; or with anuebic dysentery 
or uncinariasis, with either or both of which it may be combined, or with 
epilepsy. It is very probable, now that a ease has been encountered, 
that further ones will he discovered, and perhaps it will be found to he 
nearly as common, both in (liina and the Philippines, as it is in Japan. 

The following method of staining the ova in the tissue was devised by 
Mr. Willyoung, of the Biological Laboratory: 

Oelloidin sections were immersed in water and then stained in a solu¬ 
tion containing 1 per cent acid fuchsin and 2 per cent oxalic acid. They 
were then washed in water and stained in an aqueous solution containing 
0.1 per cent, of aniline blue and \.2 per cent oxalic acid. Differentiation 
was accomplished by using acid alcohol and .so per cent alcohol. By this 
means the ova were* stained a brilliant red ami the tissue a clear blue. 

SUMMARY. 

In lesions in the lungs, liver, and the bowel of a Filipino, ova have 
been found which agree in shape, size, and color with those 1 of Schis¬ 
tosoma japonic inn vcl cattoi. 

The lesions in the bowel were liberations closely resembling those seen 
in some forms of armehiasis; those in the liver were characterized by 
fibrosis. 

The symptoms were not definite, because of the mixed infection with 
other intestinal parasites. 

From these observations it follows that in (-liina, Japan, and in the 
Philippine Islands then* is a trematode worm differing characteristically 
in its morphology from tin* allied African species, which produces lesions, 
especially in the large intestine and liver, and which has been described 
as Schistosoma jnfrani cam rot cattoi. The case under observation is, to 
the best of mv knowledge, the first schistosoma infection encountered in 
the Philippine Islauds, and, therefore, now that it has been called to the 
attention of investigators, it seems not unlikely that other cases will be 
discovered. 
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Since the above was written, a second Chinese case of sehistoMmiiasis has been 
recorded by Bayer (A tune. Med. (.1005), X, 57S). This case was first observed by 
O. T. Logan, of Changtch, Hunan, Chinn, who made clinical notes upon the case 
and who later sent these and specimens of the farces to the Naval Medical School. 
The patient, a boy of IS years, for six years bad bloody stools. At 15 years of 
age be bad been incapacitated for bard work. Logan found the liver and spleen 
enlarged, the hitter hut slightly. The stools, which continued to show blood, 
averaged about four in twenty four hours and were preceded by abdominal pain. 
The ova of the parasite were found in the feces, and each ovum contained a. 
ciliated embryo. Logan thought the ova were those of »S. jiipnnieuin, and in this 
view Stiles, Lovering, and Beyer coincide. 

From the following articles I have drawn very generously, and to 
Dr. Stiles and Dr. Shiga 1 wish to express my gratitude: 

(\\tto: Schistosoma eattoi: A New Blood Fluke of Man. lirit. Med. dour. 
( | !M)5), J. II; douni. Trap. Med. (1005), VII, 70. 

SciiKiiiK: Kin Neues Sehistosommu beim .Menschcii. Areh. f. Hrhiff.s- und 
Tropcn-Uygitnw (1005), IX. 150. 

Sticks: The New Asiatic Blood Fluke (S. jufton'irum, 1001; 8. cultni, 1005) of 
Man and Cats. Anier. Med. (1005), IX, S21. 

Katsukaua*. An Kmlcmic Disease Caused hv a Special Parasite Previously l : n- 
known in Japan. 8ei. J. Ixirui XXIII and XXIV. (Review in d. A. M. .1. 
(1005), XLV, SO.) 

I.oosn: Schistosomuni japonicum Katsimida, Fine Neue Asiatische Billiar/ia dcs 
Meiischen. Ccnlr. f. Hakt.. Ofig. (1005). XXXIX, '2H0. 



ILLUSTRATIONS. 


Fin. 1. Ova in the periportal connective tissue of the liver. Hematoxylin. 
(Photomicrograph.) 

2. Ova ill the interlobular perivascular connective tissue of liver. Hema¬ 
toxylin. (Photomicrograph.) 

,‘l. Ova in the parenchyma of the liver lobule. Shows small celled infiltration 
and commencing fibrosis. Hematoxylin. (Photomicrograph.) 

4. Ova in lung. Hematoxylin. (Photomicrograph.) 

5. Ova in mucosa and submucosa of large intestine. Shows atrophic and infil¬ 

trated condition of mucosa. Hematoxylin. (Photomicrograph.) 

In all instances the photographs were made with the Zeiss photomicrographic 
apparatus, compensation oculur No. (i, objective A A ; bellows at 45 centimeters. 
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A STUDY OF SOME TROPICAL ULCERATIONS OF THE SKIN 
WITH PARTICULAR REFERENCE TO THEIR ETIOLOGY. 


Hy Richard 1\ Strong. 

(From the Biological Laboratory , Bureau of Hoienre.) 


in Manila subacute* and chronic ulcerations of the skin, of obscure 
origin, are not infrequently encountered. During the past two years I 
have examined, particularly from an etiological standpoint, all forms of 
ulceration of this nature which have conic to my notice. So far, twenty- 
four instances have been studied. Many of the lesions in these cases 
differed widely in their clinical manifestations, and 1 was able to demon¬ 
strate conclusively that at least several of them varied in their etiology. 

It was originally my intention to review in detail the examination of 
each case ; but on going over my notes I found so little which was charac¬ 
teristic or of interest; in many of them that 1 have considered it more 
advisable here to discuss merely those instances which either proved 
etiologically to be or seemed clinically to represent distinct and specific 
infections. Thus, in a number of cases, a history of various primary inju¬ 
ries of the skin was obtained; and although at first it was intended not to 
include in this study ulcerations occurring in the course of certain chronic 
diseases, such as leprosy, syphilis, or yaws, nevertheless, of the lesions of 
seven of the cases investigated, five later proved really to be those of yaw r s 
and two of syphilis. Only staphyloeei, streptocci, or saprophytic bacilli 
were isolated in the larger number of the lesions studied. However, 
in addition to those instances in which, both clinically and (biologically, 
nothing definite could be discovered, and to the ones which represented 
lesions in the course of those chronic affections I have mentioned, three 
distinct clinical types of disease were encountered, and these will now 
be (considered. 

ULCERATION OF THE FIRST TYPE. 

In the first instance, the lesion to be? discussed answers very well, both 
in its clinieal appearance and in its history, to the usual description of 
Delhi or Oriental boil , as found in the several text-books on tropical 
diseases. The history of this case may briefly be recorded as follows: 
The patient was a native woman about 35 years of age. Approximately 
six weeks before consulting me she stated that she bad noticed a small red 
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spot on the right sido of the chest just below the clavicle and above and 
to the right of the breast. The lump gradually enlarged, but occasioned 
little pain. When 1 first saw the boil it was about the size of a half 
dollar and had not opened. The skin over the center was scaly, indurated, 
and reddened. Fluctuation could he obtained. On incising the abscess 
in the center, a scanty, rather thick, purulent- material was found and a 
small ulcerating cavity, containing soft granulations, was exposed. On 
the following day, under cocaine anaesthesia, the whole cavity was carefully 
curetted. The operation was thoroughly performed, because the patient 
insisted on leaving on the next day for the provinces to be gone for several 
months. Directions wore given for the daily antiseptic dressing of the 
wound. 1 was unable to see her again until four months later, when, 
after repeated requests, she finally returned to the city and exhibited to 
me a contracted scar the size of a dollar, situated over the original site 
of the lesion. She reported that the wound had gradually healed, about 
two months after leaving the city. Portions of the granulations which 
were removed with the curette wore hardened in Zenker’s lluid, embedded, 
sectioned, and stained in hcmatoxylin-eosin, hematoxylin-picrofuchsin, 
methylene-blue-eosin, fuehsin, IlorrcU's stain, and Wright's mod ideation 
of Komanowsky’s method. Figs. 1 to 10, inclusive, arc photomicrographs 
made from these sections. 1 

The histological changes in the portions of the granulation tissue which 
were removed consist of a chronic inflammatory process in the subcuta¬ 
neous tissue, with areas of acute inflammation, showing cellular infiltration 
and in places necrosis, together with considerable tibrin formation. In 
addition, the infiltration consists of numbers of cells whose protoplasm 
stains poorly, of fragmented nuclei, polymorphonuclear leucocytes, and 
small round cells with deeply staining round nuclei. In places the 
lymph spaces are widened, and there is an extensive proliferation of the 
endothelial cells of the lymphatic vessels, and in some areas these 
occur in rows, thus suggesting their origin from their arrangement. 
There is also considerable proliferation of the fixed connective-tissue cells. 
Multinuclenr giant cells are occasionally observed and plasma cells are 
fairly numerous. In certain of the inflammatory areas cosinophilcs are 
greatly increased in number and not infrequently many free eosinophilic 
granules may he seen, hut only occasionally a mast cell is visible, here. 
In the sections a striking feature is the presence of numerous large endo- 
thelioid phagocytic cells, with a relatively large amount of protoplasm 
and with a large round or oval nucleus, which may contain a nucleolus. 
Sometimes the margins of these cells are indistinct. No bacteria an. 1 
evident in the sections. The presence of parasites, which are scattered 
throughout the tissue, is of chief interest. Those may he described as oval 

1 I wish to express my thunks to Mr. Willyoung, of the Biological Laboratory, 
for his success ami interest, in tiie staining of the 1 parasites in the tissues of this 
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bodies, which resemble cockleshells, with a sharp outline, measuring about 
3 to 4 P in tlieir greatest diameter. In sections stained with hematoxy¬ 
lin and eosin they usually remain unstained; in those treated with piero- 
fuehsin, Bor roll's blue, or Wright’s method, they are still to a large 
extent uneolored, but many (contain particles of chromatin, which stain 
and which consist, first, of a rounded mass, which sometimes has the form 
of a ring, and secondly, of a small dot or rod. These bodies are found in 
large numhers, both free and inclosed in endothelioid phagocytic colls, or 
lying in a sort ol matrix composed probably of degenerating tissue. As 
many as ten or twelve rimy be seen in a single cell. They are very definite 
organisms and there is no doubt tlmt they are parasites. In not all of the 
cockleshells arc the chromatin masses present and many of them contain 
cither the ring body or the pigment dot or rod alone (tigs. 5 ami IV). In 
fact, it is somewhat exceptional to see both chromatin particles in the 
same parasite; or, at least, either the one or the other body alone is in 
locus at one time. The shape of the chromatin masses also sometimes 
varies. Frequently, sea 1-ring-1 ike forms are encountered (see rigs. 1 and 
10), or again at times a crescentic mass of pigment is seen situated alone 
at the edge of the ring. Such examples may be observed in rigs. It and 4. 
With Zeiss objective |)|> and ocular •) the organisms appear as small dots 
and oval bodies, often lying free 1 , but generally inclosed in phagocytic 
cells. Their appearance under this magnification is illustrated in Mg. 2. 
The further discussion of these organisms will be taken up below. Agar 
cultures which were made at the lime of the curetting of the lesion 
remained sterile. 

I do not wish to lie misunderstood as insisting that the lesion in this ease 
should he regarded as identical with -Delhi boil, hut merely to cull attention to the 
fact, that both in its elinieal and in its hislologieal appearance it has many points 
of resenihlauee to the latter affection. Fnfortunately I did not obtain any skin 
immediately over the surface of the boil from this patient. A small portion 
which was secured from the edge of the lesion does not show any destruction of 
the pupillary layer, though this shows cellular infiltration near the edge of the 
sort ion. However, this process is more marked in the reticular and subcutaneous 
strata. As will lie referred to presently, the diagnosis of Delhi boil is frequently 
extremely difficult since the all’eetioii presents so little that is distinctive and 
characteristic. 

IM.CKH ATIOX OF TI1K SECOND TYPE. 

Tilt; second type of ulcer, when first seen, clinically differed very much 
from the one? just described. The patient was a native man 25 years 
of age. The ulcer occurred in the region of the right shoulder, as may 
he seen from rig. 11. No history of injury to the skin or of trauma 
was obtained. The patient stated that a little over two months before 
1 saw him, a small, red “spot" appeared over the right shoulder. f l his 
graduallv enlarged, became hard to the touch, slightly paintul, and 
finally a little 1 fluid began to escape from the surlace of the sore. Later 
the lesion became covered with a black scab. After Ibis condition bad 
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lasted for about six or seven weeks, during which time the sore slowly 
increased in size, he consulted a native physician, who first poulticed the 
area and then treated it with antiseptic dressings. About two weeks 
later lie came to Manila for treatment, a diagnosis of tropical ulcer 
having been made, and he was referred by the Civil Hospital to the 
laboratory for examination. The lesion revealed the condition shown 
bv fig. 14. There was no longer any scab covering the entire area, 
though hero and there, over the surface of the lesion, there were a few 
hardened crusts, and in other places small patches of a pseudomembrane 
of a grayish color. These patches may he distinguished in the figure. In 
general, the surface of the ulcer was moist and covered with a yellowish- 
gray, purulent exudate. The base was very uneven and was covered 
with areas of necrotic tissue or with fresh granulations. The edges were 
undermined. In depth, the lesion extended through the entire skin and 
into the subcutaneous tissue and in places the muscle was just exposed. 
Dr. Cook, of the Civil Hospital, has kindly informed me that after 
curetting and antiseptic treatment, this nicer, finally, after three months, 
healed and the patient was discharged, cured. 

The lesion, in this case, when first observed by me, seemed to cor¬ 
respond very well with the description of “tropical sloughing phng- 
ediena,” as it is described by Manson, although the physical condition 
of the patient was otherwise good and the development of the ulcer did 
not. occur exactly as Manson describes it. it is perhaps unnecessary 
to add that the lesion in this case was not syphilitic. 

Film preparations from various portions of the ulcer were made on 
cover glasses, and these were examined both in a fresh condition and 
after drying and staining. While numerous, short, thick bacilli and a 
few cocci were found to he present in these films, nothing which sug¬ 
gested protoza or other parasites was observed. No tubercle bacilli were 
present. Portions of the tissues were excised for histological study, and 
agar plate cultures and bouillon tubes were prepared from the lesion, the 
oese being pushed through the soft granulations and also beneath the 
overhanging margins of the skin. After twenty-four hours the plate 
cultures developed numerous colonies, the great majority of which closely 
resembled one another. In fact, the cultures were almost pure. Colonies 
occurred on the surface and in the depth of the media. I dually most 
of those on the surface were round, whitisli-gray, and moist. Under a 
low magnification they were often nucleated and their margins were 
frequently uneven. There was little which was characteristic about them. 
Microscopical preparations, which were made from a number of colonies, 
showed the organism to he a short bacillus, measuring about 1.5 fi in 
length and about O.fi p in breadth. Its motility was only moderate, 
although later, numerous flagella were demonstrated. When inoculated 
in gelatin, rapid liquefaction of the medium occurred, with hair-like pro¬ 
jections in the line of the stab. Litmus milk was very slowly coagulated. 
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.Llio reaction was but little changed. Glucose and saccharose were for* 
uiented but not lactose. Irulol was rapidly produced. The growth on 
potato was abundant, grayish, and moist. The other colonics, which had 
a different appearance and which developed on the plate cultures, proved 
to be those of Staphylococcus aureus; they were not bv any means so 
numerous as those of the bacillus just described. Two guinea pigs were 
inoculated i n tra peritoneal I v and one rabbit intravenously, each with one- 
third of a twenty-four agar slant culture of the bacillus, suspended in 
saline solution. The animals remained alive and no pathological effects 
were noted. A small area of the skin over the abdomen of a monkey was 
shaved and the animal inoculated subcutaneously with 1 cubic centimeter 
of the bouillon culture from the human lesion. This culture was known 
not to he pure; it contained, besides large numbers of bacilli, a few cocci. 
The animal died from asthenia three weeks after the inoculation. It had 
been long in captivity and was somewhat emaciated at the time of its 
death. At autopsy, cultures taken from the heart's blood, liver, and spleen 
all remained sterile. On the abdomen, near the point of inoculation, was 
a small nodule, measuring about 1 centimeter in diameter, over which 
the skin was reddened and almost perforated. On incising this area an 
ulcer, the* edges of which were ragged, infiltrated, and undermined, was 
found in the subcutaneous tissue and corium. A small amount of pus 
was present. Many cultures from this lesion developed a large* number 
of colonies of Staphylococcus aureus, hut only a few of the* bacillus above 
described. This latter organism was regarded as a variety of the Proteus 
group. On account of its apparent non pathogenicity for animals, no 
further attempt was made to identify it more closely. 

The tissues from the human lesion were hardened in Zenker's solution 
and stained in hematoxylin-eosin, methyleiio-blue-eosin, earbol fuchsin- 
methylone-blue, Weigert's stain, and Wright's modification of lloma- 
liowskv’s method. A histological examination of the sections reveals, 
usually upon the surface of tho ulcer, a dense homogeneous layer, in 
which the structure of the tissue can no longer be recognized and which 
stains diffusely red with cosin. Scattered here and there through this 
mass may he seen numbers of polymorphonuclear leucocytes and in places 
a large amount of fibrin can hi* detected. In the upper portion of this 
necrotic tissue the bodies of the cells do not stain at all, the polymor- 
phomiclei in many instances appearing as if they were lying in clear 
vacuoles; in other cases the cell protoplasm is stained partly or wholly 
light pink. A little deeper in the tissue the number of polymorphonu¬ 
clear leucocytes is greatly increased and the protoplasm of these cells 
stains well with cosin. Many red-blood corpuscles as well as many line 
threads and coarser fibrils, lying between the cells, can be distinguished. 
Those fibers, in specimens stained by the Weigert method, are seen to be 
fibrin. In other places, in this portion of the tissue, a dense coagulation of 
the liquid exudate (evidently first, secreted) has also taken place, in which 
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(lit* fibrin masses and cells may be distinguished. The proeess near the 
surface 1 may therefore be said to represent an extensive coagulation necro¬ 
sis. When the lesion is examined with the naked eye, these homogeneous 
necrotic musses of tissue, in which much fibrin is deposited, give rise over 
portions of the surface of the ulcer to the very striking pseudomembranous 
appearance, already referred to. Deeper still in the section the connective- 
tissue rolls are seen to he very greatly proliferated and in places plasma 
cells are plentiful in number. In other portions of the tissue, the con¬ 
nective-tissue fibers are pushed apart, and there an* oilier evidences of 
inflammatory tedema. Not ween these fibers may be seen a few small 
round cells, red-blood corpuscles, and polymorphonuclear leucocyte's. The 
condition of the blood vessels in which there is a considerable proliferation 
of the perifhelial cells, is quite striking in these areas of inflammatory 
o'dema. The process is particularly well marked about the veins. In 
many of the vessels the polymorphonuclear leucocytes within their lumina 
are increased in number, and sometimes these may be seen lying between 
the several layers of the moso and perithelial cells, which partly form 
the wall of the vessel. Near these areas large multinuelear giant cells 
are occasionally observed. Very few eosinophiles are present, and only 
occasionally a plasma cell is here seen. Scattered through the section are 
numerous other areas of necrosis, in which, generally, considerable fibrin 
is present and in which there are also numerous red-blood cells, small 
round cells, polymorphonuclear leucocytes, fragmented nuclei, much 
granular material, and many bac teria. Kosinopldlos are not seen in these 
situations; but bacilli, which only partly decolorize by (Jranvs stain, and 
cocci, which retain the latter, are encountered usually lying between the 
cells. No bodies resembling protozoa and no tubercle bacilli appear to be 
present. In a section at the edge of the ulcer, which includes some of 
the epidermis, the cells of the Malpighian layer are proliferated. In 
places, this layer is extensively infiltrated and sometimes apparently 
destroyed, the? area of infiltration and necrosis reaching from below up¬ 
ward to the corneal layer, which it touches. Kvidentlv in this way new 
foci of ulceration are formed. In contain areas the corneal layer has 
entirely disappeared. In these places of necrosis an appearance similar 
to that which has been described in regard to the. suhcutniieous tissue is 
seen—coagulation necrosis, deposits of fibrin, fragmented polymorphonu¬ 
clear leucocytes, etc. The papillary and reticular layers are also ex¬ 
tensively infiltrated with round cells and polymorphonuclear leucocytes; 
in addition both of these strata contain areas of necrosis similar to those 
already described. The histological appearances are pictured in figs. 
15 to 18. 

The lesion in the monkey histologically consists of an abscess cavity in the 
corium and subcutaneous tissue, nlxmt which there is little which is characteristic. 
The pathological changes encountered appear in many ways similar to those seen 
in the human lesion ; but the process is less chronic and there is no proliferation 
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of tin* crelltt nlxmt. the blood vessels. Coeei and n few bacilli, together with much 
granular material and many degenerating cells, are distinguishable in the abscess 
cavity. 

As a result of this study the etiology «f the human lesion in this case 
must remain obscure, at least, so far as the discovery of anv single specific 
organism is concerned. Attention may again he called to the f'aet that no 
protozoa were encountered in the sections. That the I'rutrus bacillus and 
the Staphylococcus aureus , occurring in symbiosis, alone were responsible 
for the original lesion seems unlikely. However, there can be little doubt 
that these bacteria mollified and caused an extension of ihe disease process. 
It is possible, even if not probable, that, the organism responsible for the 
initial lesion in this ease had already d i sap pea red from the ulcer when 
I had the opportunity of examining it. 

ruuw.vTiox of tiik Timm typk. 

The third type of ulceration was observed in three cases--the first in 
a teamster, the second in a mechanic employed in an iron foundry, and 
the third in a male nurse. All of these were white men. 

Although I have been unable to discover tin* specific organism for this 
affection, it evidently varies both in its origin and nature from the two 
forms of ulceration already described. For this reason, as well as on 
account of the peculiar type of the lesions, it has been thought of impor¬ 
tance to call attention to them and to describe the cases somewhat in 
detail, hi all three the ulcerations were multiple and were situated on 
the hands and forearms. In only one of the cases did the lesions occur 
elsewhere; in this instance they were situated on the feet and ankles; 
although they were not present here at the time I was able to study the 
ease. Figs. 1!) and very well represent the distribution of the lesions 
in two of the cases. There were no general disturbances and there was 
very little or no itching. The lymphatic glands in tin* region of the elbow 
were the only ones which were swollen, and these were very slightly 
enlarged. One of the most striking features of the affection is its extreme 
chronicity. The disease usually commences by tin* formation of several 
small vesicles, which sometimes break and later form superficial ulcera¬ 
tions. Tn other cases, the vesicles become pustular before opening through 
the surface of the skin. Areas of fresh infection seem to occur from the 
older lesions, though I have not been able to entirely verify this fact Irom 
a microscopical study of sections. The ulcerations, as a rule, an* shallow 
and hut slightly painful; their margins are smooth; they do not have a 
punched-out appearance and they are not undermined. Their edges are 
reddened hut not indurated. The skin for about 1 or '> centimeters sur¬ 
rounding the ulcer is also erythematous. There seems to he little 
tendency for thick crusts to form, hut small, snit, yellow scabs arc 
frequently seen scattered over the surface. There is hut little dis¬ 
charge; when it occurs it is usually ol a serous nature. Alter several 
86512 - 7 
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weeks or months the ulcerations gradually heal; hut others quickly form 
in the adjacent areas of the skin. In one of the cases the lesion persisted 
for a year and a half, in another for nine months, and in the third (sec 
fig. 20) for nearly three years. Nodules which have not yet broken down, 
shallow ulcerations, and scars of old lesions may he distinguished in the 
photograph. In addition to the ulcerations, there are usually to he seen 
nodular thickenings of the skin and subcutaneous tissue, which have not. 
vet broken down. The skin over the unbroken nodules is reddened. 
Occasionally these nodules become covered with scales for some time 
before opening ; when they ulcerate, there is only a very small amount of 
pus present. Potassium iodide and mercury seem to exert no effect, on 
the course of the disease. 

Cultures from the ulcerations of two of the cases developed pure 
growths of Staphylococcus aureus, while those from the third showed 
colonies both of this organism and of those of Staphylococcus albas. In 
one of the cases cultures were taken from an unbroken nodule and these 
remained sterile. Therefore, the infection does not appear to he of 
bacterial origin; though it must he emphasized that 1 was not able to 
inoculate any cultures in the vesicular stage. The nature of the lesions 
suggests in some respects that they arc blastoinycetic in their causation. 
However, none of these organisms could he discovered in sections. 

In one of the eases the histological examination of a section from one 
of the nodules, which had not perforated the skin, shows in the subcuta¬ 
neous tissue a cellular infiltration about a vein. The process consists of 
a true ondo-, meso-, and peri- phlebitis. Tlu* proliferation.may he seen 
beneath the endothelial layer of cells lining the vessel and extend¬ 
ing outward into the surrounding subcutaneous tissue; it consists chiefly 
of endothelial cells, small round cells poor in protoplasm, and a very few 
plasma cells. Practically no polymorphonuclear leucocytes are visible 
and oosinophiles also are not;observed outside the vessel; then; is in ad¬ 
dition early but extensive proliferation of the fixed connective-tissue 
cells. 

As may be seen from fig. 21, the infiltration is eccentric and does not 
include the whole circumference of the vessel wall. A short distance 
from the vein the tissue appears normal. Several other foci of infiltra¬ 
tion of a similar character are found in the subcutaneous tissue and one 
in the papillary layer, but none of these are about blood vessels. In sec¬ 
tions stained by Weigert's method, no fibrin is demonstrable in these 
areas. There is no infiltration around the hair follicles or sweat glands 
and no marked oedema of the tissue. The papillary layer is in general 
unaffected. Indeed, the section, apart from the areas of infiltration 
already mentioned, appears normal. 

in a section of tissue taken from near the edge of one of the ulcera¬ 
tions a small area of degeneration chiefly composed of degenerating cells 
of the mucus layer may he seen in the Malpighian layer. In many cases 
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only the* distorted and deeply staining nuclei of these cells can be seen, 
the protoplasmic portions having disappeared. In addition, small round 
cells and a few leucocytes are present. No fibrin and no bacteria or other 
parasites can be detected. Beneath this area in the cerium there is 
infiltration with small round cells. The microscopirn) picture is some¬ 
what similar to that which (lilchrist has described in the papillary variety 
of erythema nndtifonnw . In other portions of the tissue in the region 
of the ulcer similar areas of degeneration may he found in the* papillary 
layer of the corium. In a section of one of the ulcerations near its edge 
there may he seen on the surface a superficial layer of coagulation 
necrosis, in which fragmented nuclei and polymorphonuclear leucocytes 
are present. A few cocci may he distinguished in these areas. A small 
amount of fibrin can also he demonstratin'!. In places the necrosis does 
not extend below the corneous or the mucus layer, being entirely confined 
to the epidermis. In other portions of the section the papillary stratum 
is exposed, which then also shows inflammatory infiltration. 

The lesions of this affection hear some resemblance to those described 
by F. Plelm 3 in his mild eases of “ulcerative dermatitis," hut the distribu¬ 
tion of the ulcerations is different. The disease seems to hear no resem¬ 
blance whatever to the affection known as elia/ifia. as described bv Bead, 
or to that of I'ian hois, by Daricr and (liristmas. 4 Perhaps in the 
ulcerative stage it might he considered as one of veld save: 1 in which 
secondary infection has occurred, but until its etiology is discovered, it is 
difficult to classify such an affect ion. By some observers it might 
perhaps even he considered as belonging to the type known as Oriental 
sore. 

CONSUMMATION OF TIIK KTIOI.OOY OF DKLIII SOUK OR HOII.. 

During the past few years the study of one form of tropical ulcer has 
assumed renewed interest, chiefly, perhaps, .owing to the discovery by 
d. Homer Wright, (1) in 190:1, in a case of Delhi boil, of certain bodies 
which have considerable resemblance to the organisms already described 
by Irishman and Donovan in cases of tropical splenomegaly. While, in 
general, the clinical descriptions of this type of tropical ulcer (Delhi boil 
or Oriental sore ), as found in several of the text-hooks on tropical diseases 
agree quite closely, when one examines into the clinical features, us set 
forth in the individual papers of those who have made special studies with 
reference to the etiology of this form of ulcer, considerable differences 
in the descriptions arc found. Indeed, in many of these articles the 
reports of the marroscopical appearances of the lesions vary so widely 
that one is almost led to conclude that more than one type of the disease 
has been described under the name of Delhi Unit . Such an opinion is not 

;I /Hr l\it tncrun Kiistr , Merlin (I HRS). 

'Ann. derm. vt ft. ftyph. (H>01). 

‘Hannan, Journal Pathology and Unvlvrwlogy (100:1). 
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entirely new. (ichor, (g) as early as 1874, doubled that such a disease 
sni ffrneris existed, and he further maintained that there was much abuse 
of the term “ Aleppo boil'* because lupus, scrofulous, and syphilitic lesions 
were frequently described under this name. The statement of James, (3) 
one of the most recent contributors on this subject, is also suggestive of 
the idea above* given. He expresses the opinion that the appearance of 
some true Oriental or Delhi "sores ' is by no means as characteristic as 
one would expect it to be from the descriptions given in books. Jnded, 
James found that several surgeon* whose experience with the disease was 
extensive, were unwilling to express a definite opinion as to whether a 
given sore was really Oriental sore or whether it was an example of the 
ordinary chronic ulcer so common among*the natives of India. He em¬ 
phasizes the fact that Oriental sore docs not always present very definite 
characteristics and states that in two of his eases the diagnosis was at first 
mistaken, the sore in one instance being considered primarily as a form 
of ringworm and in the other as an ordinary “ shoebite .“ The gross 
appearance of the lesions in a number of the cases which James studied 
etiologically also varied widely. 

Plehn, (1) in his very recent article on this subject, calls attention to the 
fact that it has not been thoroughly established that tin* symptom-complex 
described by the various authors and observers in different regions under 
the name of “ lieu Ie ah' rank lieit” represents a single distinct affection. 
According to him, some of the description* of the lesions might apply to 
those of furunculosis or of tertiary syphilis or of lupus, and he feels 
convinced that such errors in diagnosis in the ulcerative stage of tin* 
lesion, have certainly occurred frequently. Plehn further comments upon 
the fact that only in JeanselmeV recent article is framlxesia considered 
in the discussion of the differential diagnosis, and although he emphasizes 
the* fact, that he does not consider the two affections identical, neverthe¬ 
less, he believes that in their external appearances as well as in their 
histologieal structure they in some respects show so great a similarity 
that any one who is familiar with only one of the affections could occa¬ 
sionally mistake it for the other. 

Jeanselme (J) in his article states that, while the bouton Orient may 
have a typical aspect and evolution, numerous clinical varieties may also 
exist. These he describes, and in the discussion of the differential 
diagnosis of the affection, the lesions of syphilis, of lupus, of leprosy, and 
of yaws are considered. Me also refers to the presence of a lymphangitis 
in association with the lesion which extends from the region of the ulcers 
and causes a swelling of the adjacent lymphatic glands. The normal 
condition of the glands in Oriental sore has usually been emphasized by 
other observers as an important symptom in the differentiation of this 
affection from “yaws.” Kaposi's ((>) and Duhring's (7) clinical descrip¬ 
tions of the malady vary so widely that some investigators have doubted 
whether these authors observed the same affection. 



101 


However, not only from i\ clinical standpoint do the descriptions in 
the literatim 1 differ, but also from a patliolngicul-ntuitomit'nl one, the 
reports of the histological appearances either showing considerable varia¬ 
tion in the lesions, or, at least, nothing sufficiently eharnoteristie to make 
an accurate diagnosis of the condition possible. Obviously, these descrip¬ 
tions might be expected to vary greatly in the different stages of the 
affection, since after the lesions have progressed from the 4> boiP stage? 
to the ulcerative one and secondary infections have occurred and cicatri¬ 
zation has resulted, the appearances must differ considerably from those 
seen in their ineipiency, and lienee the 1 diagnosis of thc-uffcction from a 
pathological standpoint is attended with additional difficulties. 

Cunningham, (8) who in IHH/i described peculiar parasitic organisms in 
the tissues of specimens taken from this disease, states that, apart from 
the presellci* of these organisms, the lesion presented no specific char¬ 
acters, but was essentially a simple granuloma, such as might arise in 
connection with tin; presence of persistent irritation dependent upon 
various causes. 

Babes, (!)) in his consideration of the pathology of Oriental boil, remarks 
that one is unable to distinguish tlu? condition from an etiological stand¬ 
point,, because? the pathological changes are not sufficiently different from 
those frequently encountered in various other boils or furuncles. 

Allusion has already been made to the similarity in the pathological 
conditions which Helm refers to in yaws and Delhi hail, while in the 
articles of ltiehl, (10) Leloir, (II) I nna, (Vi) Kulm. (Bf) and Jean- 
sclme differences in the histological changes are also mentioned; some 
of which, it is true (hut probably not all ), depend upon the stage in which 
the lesion was examined. Kulm, in his article on tlu* histology of 
“eiidemisehc Beulen," emphasizes the fact that hut few characteristic 
changes were found, though it must he mentioned that from a study of 
the literature and photographs he concluded that endemic boil exists as a 
disease siri (/maris. 

It is not my purpose here to enter into any further discussion of the 
literature in regard to this ipmstion, since the references given above will, 
I believe, convince the reader that confusion has occurred in the diagnosis 
of this disease, and it is more than likely that several different affections 
have been described under the terms Delhi, Meji/io. ISidru. (ia/stt hail, 
oriental Iwuton or .sore, tro/ncal ulcer. Dendjeh. Yemen. Sarto it nicer, etc. 

One might then he prepared to expect that many specific organisms 
should have been reported for this type of ulcer, and indeed such is the 
ease. However, many of these observations have to-day only a historical 

interest or value. 


In 1808 Smith ( 14) believed that ho hml succeeded in llnding. in the sections 
of „ tropical ulcer, ova of a species of distoma. Kleming. <l- r .) m WX o\m 
thought that ho had encountered the eggs of some purasde m the tissues fiom 
a case of Delhi boil. However, later he attributed another significance to the 



Imdies which lie had min taken for ova. Carter (1(1) in 1875, found in an ulcer 
of the lymphatic spaces of the curium, the mycelium of a fungus which contained 
many spores and orange-colored granules. However, as other observers have 
remarked, Carter's specimen had been kept for a long time in a weak preserving 
fluid which contained no alcohol and in which it probably became contaminated 
with the mold in question. In 1884, Deperet and Hoinet, (17) in the study of 
an epidemic of Oriental boil among soldiers who returned from Tunis, culivated 
a coccus from the lesions. This organism proved to be pathogenic for animals 
and ui>on injection produced nodules and ulcerations and sometimes a general 
infection. In the same year Ducluux and Heydetireich (18) also cultivated a 
micrococcus which they believed to Ik* specific, from cases of Biskra bouton. 
This organism, when injected into animals in small amounts, sometimes pro¬ 
duced a chronic lesion of the skin, which was said to bear some resemblance to 
that of Biskra bouton. In other cases the injection of this coccus caused the 
death of the animal within sixteen hours. Sufficiently accurate details for the 
identification of the organism arc not given. 

In 1885 Cunningham (8) reported the discovery of peculiar parasitic organisms 
in a specimen of Delhi boil . The lesion, which was examined histologically, hud 
lieen placed in alcohol immediately after its removal. The epidermis over the 
boil was still intact, there being no ulceration present. The organisms varied 
considerably in size and in form; in some cases they were circular, in others 
elliptical, and in others irregularly lobatc. In the majority of the instances 
their contour was smooth, but in some it was of a more or less tuberculate 
character. In some specimens a very delicate cell wall was clearly visible; in 
others it was wholly unrecognizable, or only to la* detected on careful and special 
scrutiny. Cunningham further states: “The distinctness with which they appear 
in sections treated with (tenturn violet is due to the elective staining by the 
dye, of the nucleoid bodies which they contain. The number of such bodies present 
in different cells is extremely variable. The cytoplasm in the gentian violet speci¬ 
mens remains almost uncolored; in those in which ftichsin has likewise lieen 
employed it frequently shows a more or less pronounced ml hue. The tuliercu- 
late appearance presented by some of the cells is due to the numbers and size 
of the nucleoid bodies present in them, which in association form a mulberry- 
like mass pressing upon the cell wall and molding it to the inequalities of its 
surface. In certain cases appearances apparently corresponding with the occur¬ 
rence of processes of cell division are present, the bodies of the cells being strongly 
constricted so as to form two lobes connected by a narrow neck, or two distinct 
cells occur which, from their relations to one another and the character of their 
opposed surfaces, seem to have just arisen and to lie due to the completion of such 
a process. 'Pile individual cells in some cases are closely packed among the sur¬ 
rounding lymphoid elements; hoWever, in a large number of instances, they 
appear to lie in a limited clear space. The number of cells visible in individual 
sections and in different parts of the same section varies considerably. Entire 
tields may in certain places fail to show any at all. This failure may in many 
instances be due to imperfect success in staining, but, allowing for this, there can 
1 m* no doubt that the numbers present in different, parts of the tumor vary greatly. 
It is only quite exceptionally that any are present in the epidermal stratum. The 
continuous stratum of granulation tissue beneath the papillary layer is the site in 
which they occur in greatest quantity, but specimens are also frequently present 
in considerable numbers within the papillury eminences. Their distribution is 
not limited to the epidermal and dermal strata, for on passing downward to the 
subcutaneous tissue's scattered specimens may be found in the very deepest 
parts." Cunningham is inclined to regard these bodies as representing various 
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st.H K CB of tli«> (level ojmicnt of Home simple parasite of mjeetozoie nature and eon- 
eludes that they probably l<elon K to the group of Monadinw. However, he ex- 
pi-eswH the opinion that it in impossible to come to a definite conclusion ns to 
nature or to the relation which they Imre to tlie disease. 

As W right (1) lias remarked: “From ('imfiingliam's description of 
t.lic»sc bodies the morphologic-ill evidence adduced in favor of their 
parasitic nature is not sufficient to overcome the objection that they are 
elements of the tissue or degeneration products.” 

Nevertheless, while it is true that (hinninghani's illustrations do not 
definitely show that the bodies in question are parasitic in nature, they 
are equally or even more convincing ‘of the presence of parasitic bodies 
in Oriental sore than art' a number of the drawings in some of the very 
roeent. articles on this subject. 

ltiehl, ( 10) in 1880, found in u single case of this disease a caps u la ted micro¬ 
coccus which occurred particularly in the cytoplasm of large epithelioid colls. 
As many us twenty of these organisms were encountered in a single cell. Cultures 
from the lesion developed no growth. In the same year, Coastalot and Leloir (ID) 
cultivated a micrococcus which they considered specific, but which Leloir later 
concluded to Is* only a variety of the common Staphy 1 ut:occus aureus. Neuijmin 
(20) also in 1880 found in sections and nodes of 104 cases of Pendjeh ulcer a 
micrococcus which occurred singly, in pairs, or in short chains. \o specific char¬ 
acteristics for the organisms wen* detailed. 

Finkelst-ein, (21) in 1887, in three cases of l J cndjrh ulcer , ami Chantemesse. 
(22) (1887) in a ease of Xile ulcer , also cultivated cocci which were believed to 
he similar to the organism described by Duclaux. In ('huntomesse's case the 
boil had not perforated at the time of the examination, lie inoculated a man 
by piercing the skin with a needle infected with the coccus obtained from the 
lesion in culture. After five days an abscess formed at the point of inoculation. 
Two days later this opened and a small, round, crater-like ulcer was exposed, 
which healed after treatment with antiseptics for some days. However, the 
organism cultivated from the lesion of Chaiiteiuesse’s case showed but slight 
variations from some strains of Staphylococcus aureus. 

Ponnet, (211) also, in the same year, found in sections of a case of bouton de. 
(lafsa, two species of bacteria, one a micrococcus and the other a long, thin 
bacillus. The coccus stained by (.train's method, but the. bacillus became decolor¬ 
ized. 

In 1888 llcydeiireich (24) published his investigations upon a series of twenty- 
seven cases of Pendjeh ulcer , in which he concluded that the disease was caused 
by the Micrococcus biskra. which, together with Duclaux, he had already described 
in J884. This organism was said to possess a capsule and to produce spores. 
Noth the coccus isolated by Heydcnreicli and the other organisms isolated by the. 
various observers prior to the time of his report are to-day believed to be merely 
species of Staphylococcus aureus. 

in 1888 Kaptschcwsky (25) was unable to confirm the results of Heydcnreicli 
on the etiology of Pcndjch ulcer in cases which lie studied and which came from 
the same region, instead, he cultivated from the lesions a Streptococcus , and, 
sometimes in association with this. Staphylococcus aureus. 

ill 18D4 Le Dnntec and Auehe (2<») also found, in an ulcerated case of bouton 
da Biskra t a Streptococcus and Staphylococcus albus. 

In 1807 Nicolle and Nourry-Hey (27) in nine cases of Aleppo boil , some of which 
hud not perforated the skin, found in the blood and pus u streptococcus which they 
believed to lx* specific, particularly because of its reaction with Marmorek’s serum. 
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t’sunllv the* organism exhibited lml little* virulence in animals, ami the authors 
were unable to communicate the disease, even to monkeys. In three eases they 
also encountered staphylococci in association with this organism, and in one each 
u bacillus and a streptothrix. respectively. 

In tlie same year, Brocq and Veil Inn (28) cultivated, from a ease of Aleppo boil, 
a streptothrix. which, according to Legrain, was similar to the eladothrix of 
Madura foot. Inoculation into man was without result. 

Djehilcddin-Moukhtnr (211) also found a streptococcus in a case of Aleppo boil 
which he believed to be identical with the streptococcus of erysipelas. 

(Tendiropoulo (30) encountered in Camarun, in numerous eases of the Yemen 
ulcer, 0 a small bacillus together with different saprophytic organisms and pyogenic 
cocci. A detailed description of the organism is given in his article. It was 
pathogenic for rabbits and doves, in large amounts causing septiciemia and in 
small amounts local infection and ulcerations which contained but little pus. 
Italics concluded that this organism probably belongs to the Proteus group of 
bacteria. Such bacilli be frequently encountered in chronic ulcerations of the 
skin in connection with the pyogenic, cocci. 

In 181)1 Firth (31) claimed that he Imd also found, in the lesions of Delhi boil , 
the bodies described by Cunningham, lie proposed the name Nporozoa furun - 
culona for the parasite, although he did not give any more distinctive proof than 
Cunningham that the IkhUcs which were encountered by him were really of a 
parasitic nature. 

In 181IS Borowskv (32) in the study of twenty cases of Marten ill err constantly 
found in the secretions and in the ulcers themselves certain organisms Which 
resembled protozoa. In the hanging drop, the parasites had an active motility 
and were spherical or spindle shaped. They meusured from 0.5 to 3 n in size. 
The cell body stained but faintly. The nucleus was placed eccentrically. In 
dried preparations the organisms were very numerous. Frequently they were 
encountered within the lymphoid cells and red corpuscles. In sections the 
parasites were so numerous that sometimes their boundaries could not lie distill 
guished. Only the nucleus, which stained well with LoetHer’s methylene-blue, 
could lie differentiated. Accumulations of the parasites also occurred outside of 
the cells. They then a p| tea red as a group of round Isnlies with faintly stained 
protoplasm and eccentrically placed nuclei. Borowskv was not successful in 
staining the chromatin bodies nor did he succeed in cultivating the parasite in 
artificial media. 

•Schulgiu, (33) in 11)02, examined fourteen cases of this disease and confirmed 
the conclusions of Borowskv. lie believed that the parasites multiplied by divi¬ 
sion and that he could distinguish young forms of the* organism in the tissues. 
Ho also suggests that the disease is conveyed by the bites of mosquitoes. 

Jn 11)03, as mentioned above, Wright, (1) in tin* study of a case of tropical 
ulcer which occurred in a child from Armenia, found certain bodies which bear 
a resemblance to the so-called Irishman-Domevan liodies. Wright, carefully de¬ 
scribed these forms and proposed for them the name of //elcosomn Iropivum. The 
organisms w'erc generally round, sharply defined in outline, and from 2 to 4 g in 
diameter. A large part of their fieripheral portions was stained a pale robin’s- 
egg blue, while their centers were unstained or white. A very prominent feature 
was the presence in each of the bodies of a larger and u smaller lilac-colored mass. 
The larger, about one-fourth or one-third the size of the body, was of variable 
shupe but always formed a part of the rounded periphery; the smaller in some 
instances was round, in others rodsliaped, and in the latter case was of a deeper 

"By many observers the “Yemen ulcer ” is regarded as identical with “Tropical 
sloughing phngodiena.” 



105 


1 iliic* color tlum tlio larger mass. It wax usually situated near or nt the hluo- 
Hiained periphery of the laxly. Tin- hlne peripheral portions of the laxly were 
usually sharply defined from the central unstained part and sometimes showed 
small unstained areas. A few of the bodies were oval or elongate in form. This 
was thought, to lx* dm* to distortion in making the preparation, heeutise in thin 
sections of the tissue such forms were not apparent. In the thicker portions of 
the smears the central part of the bodies was stained blue as was also the 
periphery. These bodies were present in very large munhevs in the smears, often 
occurring in aggregations, associated with a large nucleus, thus suggesting that 
they had lieett contained in a large cell whose* outlines had disappeared in the 
process of fixing and staining. 

Microscopical examination of parallin sections of some of the material which 
had Ikhmi fixed in Zenker s fluid, showed that tlx* micro-organisms were generally 
closely packed together throughout, flu* cytoplasm of large endothelial cells with 
single vesicular nuclei, these large cells were very numerous over extensive areas 
and constituted the principal part of the in tilt-rat ion. The organisms occupied 
most of the available space between the nucleus and the cell membrane. Many 
of these cells contained 20 or more micro-organ isms. 

A portion of the lesion of the ulcer was used for the inoculation of a rabbit by 
subcutaneous injection and by scarification of the skin and cornea. No pathogenic 
effect was noted in the animal. An attempt to cultivate the organisms in freshly 
drawn human hlcxwl was unsuccessful. 

About the same time that. Wright reported the results of his study, Murzi 
liowsky and Hogrow (34) (J?M)4) described the occurrence of somewhat, similar 
bodies in a case of I'rudjcli ulrrr from Persia. They believed these bodies to lx* 
protozoa. They were encountered in smears from the granulations at the base of 
the ulcers and were usually oval in form, more seldom round, measuring from 
l to 3 g in size. They were 'frequently found in the protoplasm of epithelioid 
cells; less often they were seen free. They were not observed in red cells. In 
the secretions of the ulcer, or in tin* old or healing ulcers, the parasites were 
either very scanty or absent., in hangingdrop preparations the organisms 
within the cells were not motile. When lying free they exhibited a slight progres¬ 
sive motion. In staining with the usual aniline dyes the entire body became 
colored and the nucleus could not he differentiated. Sometimes the Ixxiies lay 
singly or several were grouped together in the vacuoles of a cell. If the prep¬ 
arations were stained after (iieinsa’s method for chromatin (methylene-azure and 
eosin), the structure of the body was more clearly differentiated. The entire 
body was stained blue, showing two particles of chromatin (macro- and micro- 
nucleus). The first., a larger mass, was rounded and stained light blue; the 
second colored more deeply (red-lilae) and usually appeared in the form of a 
rod; it was rarely spherical in outline. This latter body, when rod shaped, lay 
either perpendicular or parallel to the more lightly stained chromatin mass. 
In some of the forms only this nxl-like particle of chromatin was stained. 
Attempts to cultivate the organism in various culture media failed. Kxperiments 
in the inoculation of rabbits and guinea pigs were also unsuccessful. 

Plehn, (4) during the present year, has described in detail the lesions from 
a case in which the sore was contracted in Mesopotamia or south Persia. The 
epidermis over the lesion was unchanged. Upon microscopical examination, 
everywhere in the ncighlx>rhood of the area in which cell infiltration occurred, 
but here only and with increasing density toward the surface, could be seen, 
with a moderate magnification, collections of rounded Ixxiies, measuring from 1 to 
1.5 g ill diameter and lying between the round cells. With a higher power 
(apocliromatie one-twelfth, eomjK*nsation ocular M-12) it could lx* observed that 
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these liodics wore partly inclosed in epitlielioid cells,'the nuclei of which some¬ 
times appeared to he pushed to one side. In other places, where they apparently 
were lint enveloped in cells, tin* bodies lay in groups in such a maimer that one 
might believe that, they were lying inclosed in the an me envelope, but that 
optically the hitter could not be distinguished. The bodies themselves existed, 
first, as a deeply stained round or more elongated chromatin granule; and 
secondly, one about double the size, seldom three times as large, and of u some¬ 
what different appearance. This secoud body probably representated a proto¬ 
plasmic form, which iit the central portion was lightly stained and at the margins 
was more deeply colored, so that sometimes a ring form resulted, at the periphery 
of which the deeply stained round body was situated. Jn a favorable light not 
infrequently there could be seen a second, very small, deeply stained round or more 
elongated granule, which either was attached to the larger one or which also 
appeared in the periphery of the ring, opposite to the larger body. The entire 
form sometimes seemed to he inclosed in a round or oval halo, which was either 
stained or remained uncolored. 

Plchn remarks that, as the description demonstrates, the similarity of these 
forms to Irishman's bodies is very great; at any rate, we have to do with the 
occurrence of protozoa in Oriental boil , and the peculiar nature of these organisms 
makes it probable that they arc the sped lie cause of the disease. 

James (3) (1905) has very recently examined 18 cases of "Delhi sores ” and 
found, in all of these, peculiar bodies which he believes to he parasites. The 
bodies wore found within large emlothelioid cells and under a low power appeared 
as micrococci in the protoplasm of the cell. A large number were also scattered 
through the lilms or sections, which were not inclosed in cells. When examined 
under a high power, these bodies, which resembled mierocoeei, possessed a very 
definite appearance and structure. Most of them were then seen to he oval in 
shape, hut slightly broader at one end than at the other. However, a good many 
were quite round and some were pointed at both ends. The bodies varied con¬ 
siderably in size, hut the length of the majority was about onc-luilf the diameter 
of a red corpusele. Their circumferences were remarkably regular and distinct, 
as if they were provided with a definite capsule. The greater portion of their 
substance stained a light blue, hut near the center there was a large unstained 
area, sometimes divided into two by a streak of blue-stained body substance. 
In the interior of each body two masses of chromatin were seen. One of these 
was large in size, more or less rounded in shape, and was usually situated 
near the center, hut always touching one edge of the circumference. The 
second chromatin mass varied in shape from a dot to a comparatively long, 
thick rod. In the latter ease it usually lav near the center and at right angles 
to the long axis of the parasite. It stained more deeply than the large chromatin 
mass. In some parasites James saw a third, rod-shaped mass of chromatin, 
usually situated near the more pointed end of the former and at right angles 
to the second. This was present in only a few of the bodies in each film. 

On the other hand, several competent observers, who have carefully 
examined specimens supposedly of this disease, have encountered no 
specific parasites. 

Thus Unna, (12) (1894) who made a very careful histological examination of n 
specimen of Delhi boil sent from Constantinople by During, Was unable to find any 
bacteria or other parasitic organisms in his sections. In a section from Riehl’s 
case lie found micrococci in enormous numbers within the neerotic cell masses, hut 
they were not. intracellular as liiehl bail described them to 1 m\ all of those which 
I’nnn could distinguish being intercellular. Lei oil* (11) after diligent search was 
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iiIho unable to find liny parasitic organisms in tin* t issues. In one section only he 
encountered a single* diptoooevus, lying free between the infiltrating cells. In 181)7 
Kuhn, (13) who examined a specimen of ctulcmfe boil, which also had not per¬ 
forated the skin and over which both the stratum corneuni and the stratum 
Malpighium continued uninterrupted, was unable to find any protozoon-like or¬ 
ganisms, only large and small eoeci, occurring either in chains or in dumps, and 
short, thick rods, being observed. Still more recently (11)0.1) Babes, (0) in the 
examination of sections from a ease of liMin boil, was unable to discover the 
presence of any luieteria or protozoa, lie cuneluded that the descriptions of the 
histological examinations of other observers show little which is characteristic, and 
that they even differ considerably from one another. Further, he believes that we 
must still consider the etiology of Alvpp o boil as unknown, and that the lesions 
probably arise from infections resulting from insect bites or represent certain 
syphilitic nodules and ulcerations. 

d cause I me, (5) still more recently (1 SMI4 ), has made a careful study of a case 
of JiMra boil which the patient contracted in Algiers, and states that the fixation 
of the tissue in this ease was perfect. Nevertheless, although a careful and 
detailed description of the histological appearances is given, no mention is made 
of the presence of any organism to which the origin of the boil might Is? 
ascribed. 

Finally, Bcntly (41) who examined in Assam over sixty eases of sores and ulcers 
resembling Delhi boil never encountered any bodies which suggested protozoa. 

it will bo noon then from this review of the; literature tlull, of the 
etiological factors which have been described for Oriental boil or nicer, no 
single species of bacteria can be regarded as the sole specific cause of this 
disease. Doubtless, the pyogenic cocci or even varieties of the Proteus 
bacillus may have been responsible for the causation of many of the 
lesions, or at any rate, partly responsible* for the pathological changes. 
Possibly, violent scratching of certain insect bite* and secondary infec¬ 
tions wit-li such bacteria may have been the exciting agents of many of 
these ulcers. Finally, it is not clear that a number of the reported eases 
of Delhi boil do not really represent certain lesions of syphilis and yaws. 
However, on turning from this class of eases, we find that in a number 
of other instances organisms other than bacteria have been considered to 
constitute the origin of the disease. As already mentioned, (‘uimingham 
was the first to describe peculiar parasitic organisms, which be considered 
to be protozoa, in the lesions. Firth next reported the discovery of 
similar bodies and proposed the name of Sjtorozoa furuneulom for them. 
The encapsulated cocci of liiclil, it seems, should hardly be considered as 
related to the bodies described by these two observers, particularly if one 
recalls the examination and report which Unna has made of one of 
Itichl’s specimens. 

No further reference in the literature to the presence of protozoa in 
this disease is found until 1898, when Borowskv believed that be had 
encountered such organisms, Scbulgin in 190*2 confirming his results. 
Finally, Wright in 1903, Muzinowsky and Borgow in 1904, and James 
and Plehn during the present year, have all reported the occurrence in the 
lesions of bodies which they believe to he protozoa. The descriptions 
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bear n very striking resemblance to those which have been given of the 
Irishman-Donovan bodies. Regarding the researches of Cunningham 
and Kirill, Wright has already remarked that we can not be sure that 
these observers were encountering parasites. In considering the more 
recent work, extending from the investigations of Ilorowsky to the present 
time, it is very ditlieult in some instances to determine the exact nature 
of the bodies encountered. While sometimes the detailed descriptions of 
the parasites are very definite, yet, when the drawings or photomicro¬ 
graphs accompanying the articles are examined, grave doubts enter as to 
the nature or the identity of the bodies in the particular instance con¬ 
sulted, with those forms described bv the other observers. 1 believe that 
it will he impossible for us to elucidate this matter from a consultation of 
the literature only ; and 1 therefore think it will be advantageous to have 
histological specimens from all of the reported lesions in which the pro- 
tozoon-liko bodies have been encountered examined by one thoroughly 
competent observer who is willing to undertake this work. 

On account of the similarity of the organisms encountered in these 
eases of Oriental sore to the so-called Irishman-Donovan bodies, let us 
consider for a moment something of the nature of these latter forms. 

THE LEI KH M A X - DON OY A X HODY. 

As is now well known. Irishman, (35) in May, 1903, “in making smear -prep¬ 
arations from the Npleen pulp of a ease of so-called dum-dum fever, was struck 
by tin* curious appearance among the spleen cells and ml corpuscles of enormous 
numliers of small round or oval bodies, two to three microns in diameter, which 
corresponded to nothing which he had previously met with or had seen tigured or 
described. They stained faintly with methylene-blue and with hiemetein, showing 
with these stains a sharply contoured or oval shape, hut no detailed structure: 
hut on staining them by Rmunnowsky’s method, they Were found to possess a 
quantity of chromatin, of a very definite and regular s1ia)h», which clearly 
differentiated them from blood plates or possible nuclear detritus. This chro¬ 
matin appeared in the form of a more or less definitely circular mass or ring, 
applied to which, although apparently not in direct connection with it, was a 
much smaller chromatin mass, usually in the form of a short rod, set |>crpendie- 
ulurlv or at a tangent to the circumference of the larger mass. The outline of 
the sphere or oval inclosing these masses of chromatin was only faintly visible 
hy this method of staining. These little Isalies were scattered freedy among the 
cells, as a rule isolated one from the other, hut here and there aggregated into 
clumps composed of 20 to 50 members.” 

Irishman was unable to say whut these bodies were at the time, hut later, 
when working with nagana, upon investigating the blood and internal organs of 
a white rat, dead of this disease, he found bodies practically identical in shape 
and staining rcuction with those he had encountered in the spleen of his case of 
dum-dum fever, lie concluded that these parasites were degenerated trypanosoma 
and that probably this particular ease represented an infection with this organism. 

Donovan (3fi) was the next one to observe* these bodies, and later Moss 
(37) and Daveran (38) also reported in regard to the parasites. Ross 
inclined to the belief that they were Sporozoa . while Laveran, who found 
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theiii inside* the* rwl-blood eel Is, eoneluded that tliev belonged to the genus 
Piroplaxma. Later, Marc-hand and U'idinglmm, (351) Manson and Low, 
(40) Bentley (41). and Christophers, ( [*) Castcllani (43) and others’ 
all eontributc*d eases of dum-dum fever, kala-azar, or splenomegaly, 
infeetc»d with these parasites. Marehand and Lcidingham inclined to 
the original idea of Irishman that they were of trypanosomal origin. 
Finally, Leonard Rogers (14) and Chatterjee (45) have stated that try¬ 
panosoma have developed in their cultures of the Irishman-Donovan 
bodies. Those parasites have been found in the spleen, liver, bone- 
marrow, intestinal ulcers, lymph glands, and, according to Uueran and 
Donovan, within the red-blood cells. 

As we have seen, similar, it not identical, forms have* been encountered 
in a number of eases of Oriental sore. And in addition Donovan and 
Christophers have found these bodies in small and large ulcers of the 
skin in cases of tropical splenomegaly ; though Christophers emphasizes 
the fact that he never detected these bodies where there was no general 
infection with the parasite. 

After carefully perusing all the articles of the various observers on 
this subject, und particularly on comparing their different illustrations, 
the questions arise: Are the bodies described in all cases of tropical 
splenomegaly, huila-azar, and Pelhi sore identical, and what is their origin 
ami nature? Are they forms of trypanosomata ; or are they piroplasmata 
or sporozon, or some other form of parasitic life? These questions we are 
not at present in a position to answer. However, bad good photomicro¬ 
graphs been prepared in all eases, as in Wright's report, the solution of 
some of these problems might have been made easier. 

NATURE AND INFLATIONS II1P OF TIIK MODI MS KN(M)l’NTKlMFI) IN 
OHIKXTAL SOUK. 

Wright, in bis paper, makes no comment upon the question of the 
relation between his bodies and those described by Borowskv in INtlS and 
Schulgin in lSWW. One can not be sure that they all were encountering 
the same forms. Leishman's paper appeared in 15)03, after the publica¬ 
tion of Borowsky's and Schulgin’s articles, and doubtless after Wright's 
report had left his hands. Marzinowsky and Bogrow in their considera¬ 
tion of the subject, are not entirely convinced that Borowsky and Schulgin 
really encountered parasites in their eases. The latter authors described 
forms within the red-blood cells which Marzinowsky and Bogrow did not 
observe. However, they consider their organisms to he identical with 
those which Wright described, and they believe that, while the bodies they 
encountered were probably related to the trypanosomata, they showed 
noteworthy differences from them. From a comparison ol the photomicro¬ 
graphs of tin* two articles, it is difficult for me to be sure that the bodies 
described by Wright and those by Marzinowsky and Bogrow are really 
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identical. I Mel in considers that, if the parasites encountered in Oriental 
sore have any relation to trypanosoma, this has not yet been demonstrated. 

Christophers, James, and also Rogers conclude .that the organisms 
found in Delhi sore can not be distinguished by microscopical examina¬ 
tion from those* obtained from the spleen and other organs in certain cases 
of splenomegaly and kala-azar. However, James adds that since, on the 
other hand, the parasites met with in the Punjab are apparently capable 
of producing only the comparatively mild local disease known as Delhi 
sore , while those in Assam cause only the dangerous general affection 
known as kala-azar , many interesting questions are raised ; as for example, 
whether the parasites of Delhi sore and of kala-azar, though obviously 
belonging to the same class, arc of different species. He further believes 
that the evidence adduced points to the fact that, even when numerous 
parasites are present in Delhi sore on the skin for a long period, no 
general disease, such as kala-azar, results. 

The parasites which 1 have encountered and described in the first case 
arc? clearly not identical with Wright bodies, as may be seen by comparing 
Wright’s photomicrographs with those from my sections. As to their 
nonidentity with the bodies described by Marzinowskv and Kogrow, I can 
not be sure, as the photomicrographs of these authors do not very 
distinctly picture the forms they encountered. However, from their de¬ 
scriptions of these bodies I would suppose* them to be different. On com¬ 
paring my photomicrographs with the illustrations of James, differences 
are also seen to exist. However, Wright’s bodies and those of James 
would hardly be considered identical, if judgment is to be made from the 
illustrations. The organisms encountered in my sections simulate some 
of the forms occasionally seen in Irishman's specimens, one of which is 
illustrated in tig. 11. However, when compared with the majority of 
his parasites (fig. 13), one sees very striking differences. The distinc¬ 
tions between Wright's and Irishman's bodies arc also very evident; 
while in specimens of the* forms, which Rogers has very kindly sent me, 
1 could not certainly identify his organisms with those of irishman. 
The bodies present in my sections simulate more closely some of those 
pictured bv Marchand and lridingham in their recent article; but it is 
doubtful whether they are identical with these. Plehn's article contains 
no illustrations. 

Christophers noted that the bodies which he encountered had a very 
sharp outline and seemed to possess a distinct and comparatively resistant 
cuticle, while James staters that they appear as if provided with a definite 
capsule. Bently also refers to a well-marked body-wall or resistant 
capsule. 

Allusions have already been made to the opinion of some observers, 
who have considered the protozoa encountered in eases of splenomegaly, 
kala-azar, and Oriental sore as either the developmental forms of trypa¬ 
nosoma or those of a closely related species, or indeed as forms of sporozoa. 
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Koss, (4b) in commenting upon Wright’s discovery, mentions Unit a 
flagellated organism, Cercomonax hominis . is frequently round in super- 
llelal ulrers and in the intestines, and suggests that possihlv these bodies 
of Wright jnay be forms of the same organism. 

There can be little doubt as to the nature of the parasites encountered 
in my sections. They are, I believe, forms of Blastomyces (lornltr), 
though they are very different from the usual species of Blastomyces 
encountered in certain human skin affections. After a careful com¬ 
parison of these bodies with those which have been found in ulcerations of 
the skin occurring in horses in the Tropics suffering from blastomyectie 
infection, I believe that the parasites of the two diseases are probably 
identical, and, as in glanders we have a disease which is occasionally trans¬ 
mitted to man, so human beings may also sometimes acquire ibis equine 
blastomycosis. However, it: must be admitted that, when the parasites 
encountered ill horses are compared side by side with those met with in 
the human ease, slight differences may be observed. The equine organ¬ 
isms undoubtedly can be more clearly recognized as blastomyectie forms. 
They are also a little larger, their average length being about a y , and 
their capsules frequently show a double contour, which lias never been 
observed in tin* human parasite. However, these seem minor differences, 
and the similarity between the two is sufficiently great to make one feel 
that, even if the organisms are not identical, they must represent closely 
related species. 

Cultures on agar Mere attempted from the lesion in my patient at the 
time the tissue was secured, but although large numbers of the parasites 
were inoculated, no apparent growth took place* during several months. 
This is another point in favor of the identity of the two affections, since 
the parasites found in the horse* are frequently very difficult, or impossible 
to cultivate. Although the statement is often made in the literature that 
Oriental boil is communicable to the lower animals (Manson, Sehcuhe, 
and Jeunsclme), and that dogs, horses and rabbits have been inoculated 
with the discharges from the human lesions and successfully infected; 
nevertheless, it seems that further confirmation of this work is necessary. 
I did not at the time have the opportunity of inoculating a horse witli 
anv of the material from my ease: but a monkey was injected subcuta¬ 
neously with a portion of the fresh granulation tissue, shaken up in saline 
solution; though no pathological effect resulted. However, the monkey 
is also frequently immune against inoculation with the material from 
the form of equine tropical ulceration referred to. ft is perhaps possible 
that bad I not been familiar with tlu* appearance of the torula* encoun¬ 
tered in this affection of horses, I might have mistaken these forms in the 
human lesion for protozoon-like bodies; since so much has recently been 
written of the occurrence of such organisms in Oriental boil , and since 
several observers state that tlu* organisms encountered possess a definite 
capsule or cuticle. 
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SUMMARY. 

My observations have led me to conclude that a number of forms of 
chronic ulceration of the skin art* to he encountered in Manila, among 
which (after excluding certain ulcerative lesions of syphilis, yaws, leprosy, 
and lupus) there still exist at least several types of different etiology. 
A somewhat rare form is evidently of hlastomycetic origin, in which the 
toruhe encountered have somewhat the appearnnee of the forms which 
have been described in certain eases of Oriental boil or sore as species of 
protozoa related to the Donovan-Irishman bodies. 
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ILLUSTRATIONS. 


Figs. 1 to 10. t 'lecration of the first type* {Delhi hoit). 

Fig. 1. Section of tin* subcutaneous tissue, showing sirni of necrosis with extensive 
cellular infiltration ami fibrin formation. In the fibrin mas* just to tin 1 
left. of ibo center tin* parasites an* vorv numerous. 

2. A portion of tin* same field as fig. 1, mori* highly magnified. Tin* parasites 
may he seen as small stained dots ami oval bodies, some lying free but 
the majority inclosed in phagocytic cells. 

:j. Numerous parasites inclosed in endothelial phagocytic degenerating cells, 
'flic large phagocytic cell situated just above and to the left of the center 
of the field incloses a parasite showing the larger mass of chromatin and 
also the rod-shaped body. 

4. Large phagocytic cell inclosing at. least live parasites, in two of which the 
crescent shaped, deeply staining mass of pigment is in focus. 

f>. Illustrates particularly two of the parasites not inclosed in cells, one lying 
almost in the center of the field and the other, a “seal ring” form, lying 
below the center. 

ti. Single parasite with ring of chromatin to which is attached a short rod. 

7. Free parasites ami others inclosed in phagocytic cells. 

s. Numerous parasites, many in clusters which show no stained chromatin 
mass in focus. The presence of considerable fibrin is evident. 

1). Particularly showing single parasite in the center of the Held. 

10. Single parasite more highly magnified ("senbring” form). 

11,12. Leisliman-Donovan bodies in a section from the spleen; photograph from 
one of Major Lcislinian’s specimens; section sent through the kindness 
of Dr. Koch. The parasite in the center of each figure was selected to 
show the sliurp outline of the limiting membrane. 

Lb Numerous Lcislumtn-Donovan bodies photographed from the same specimen 
as figs. ]1 and 12. In this photograph the stained chromatin masses are 
in better focus than the limiting membrane of the parasites, the latter 
here I»cing indistinct, hut in other portions of the section much more 
marked. 

Fins. 14 To 1H. 1'terra t ion of the second type (tropical slouphiny phayathnia). 

14. Dross lesion of ulceration of the second type, showing patches of pseudo¬ 

membrane. 

15. Section of tissue from the lesion pictured in Hg. 14. showing area of infil¬ 

tration. necrosis, and fibrin deposit. 

lti. Demonstrating area of coagulation necrosis and pseudomembrane. (Weigert 
stain). 

17. Showing granulation tissue just below the necrotic urea pictured in Hg. 15 

(more highly magnified). 

18. Demonstrating proliferation of epithelioid cells alamt blood vessels. 

7 In this case the only photograph obtained of the gross lesion was one repre¬ 
senting the scar; it is not reproduced, as it show's nothing characteristic. 

114 



Ficjh. Ill 'H) 23.-- ( lor ration of the (hint hi pc (ulccrutirr dcrmatitl .s. \ eld sore*). 

lt», 20, Earlier ami later gross lesions of ulceration of the lliird type. 

21. Showing cellular proliferation about blood vessel (from unbroken nodule) : 

the left side of the vessel wall is formed by the edge of the photograph. 

22. Demonstrating character of cellular infiltration in the subcutaneous tissue 

(from unbroken nodule). 

2.‘1. Section of tissue demonstrating early lesion, and region on the edge of an 
ulceration. On the extreme right of the photograph may he dist inguished 
a small area of degene rat ion in the Malpighian layer of the epidermis: 
in the center, the infiltration of this stratum may lie recognized; while at 
the extreme left., tin* partial erosion and necrosis of the epidermis is 
nppa rent. 
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THE KEEPING QUALITIES AND THE CAUSES OF 
RANCIDITY IN COCONUT OIL. 


By Herbert S. Walker. 

(From the Chemical Laboratory, Bureau of Science.) 


In almost every work on fat# and oils, coconut oil is cited as being 
especially prone to become rancid. Lewkowitsch 1 states that, when 
fresh, it possesses a bland, pleasant taste and odor, but that on standing 
it quickly becomes rancid. Samples analyzed by him contained from 
5 to 25 per cent of free acid. Schestakoff 2 says that pure coconut 
oil shows an acid value (milligrams of caustic potash) of from 2 to 5. 
On standing under abnormal conditions, this may in one year rise to 
00 or 70. 

Coconut oil is in enormous demand as the basis of edible products such 
as “vegetable butter,” etc., and therefore it is of the utmost importance 
to be able to produce an oil which, as nearly as possible, is free from 
fatty acids, rancid odor or taste, and which at the same time may be 
shipped without fear of deterioration. 

The experiments to be described were undertaken with the view of 
discovering the conditions which induce a rapid deterioration of coconut 
oil, and, if possible, of ascertaining a means of improving its keeping 
qualities. In the course of this work it was noticed that the oil does 
not change with as great rapidity as is generally believed to be the case. 
The ordinary commercial oil, bought in Manila, contains from 5 to 10 

1 Lewkowitsch: Chemical Analyse of Oil*, Fat*, and Warn*. 

* Schestakoff: t)bev den Oehalt an freien Fetts&uren natttrlicher Fette und Ole. 
Ohent . Rev. Fett . it. Harst. Ind. 9 ," 180. 

88151 117 



118 


per cent frtxr acid, and there is no very great increase in acidity even 
011 prolonged standing. Mr. Richmond, of this laboratory, in some 
experiments on a commercial oil, showed that it was not affected by 
passing a current either of dry or of moist air through the liquid for five 
days. An oil prepared by drying fresh coconut meat at 80° to 90° C., 
and then extracting with petroleum ether, was sterilized and sealed in a 
glass tube on August 16, 1904. 1 At that time it contained 0.13 per cent 
free acid (calculated as oleic). This sample was allowed to stand until 
February 21, 1905, and it was then again tested, with the result that it 
was in as good condition as at the time of the previous examination; there 
had been absolutely no increase in free acid. A sample of the same oil, 
kept in a sealed tin tube, on February 21, 1905, contained 0.34 per cent 
of free acid, an increase of only 0.21 per cent in six months. This same 
oil was allowed to remain in tin, unsealed, until April 11, 1905; the 
acidity had then increased to 0.46 per cent. On further standing in a 
glass-stoppered bottle until August 16, 1905, the figure was 0.50 per cent. 
An expressed oil from the same preparation of copra, kept under similar 


conditions, showed: 

Ter cent. 

February 21_..._______ 0.77 

April 11_____ 0.78 

August 10___ 0.90 


This oil, from the start, had a slightly burnt odor and taste and in 
time it deposited a dark-brown sediment. However/neither of the two 
oils showed any signs of "rancidity” and even after a year had elapsed 
they were almost as pleasant to the taste as when first prepared. 

In order more fully to study the effect of age and method of prepara¬ 
tion on the keeping qualities of coconut oil, the following samples were 
prepared, their condition noted, and their exact titer determined. These 
oils will be allowed to stand for several years if necessary, until final 
results are obtained as to their respective rates of deterioration, but in 
the meanwhile the change up to the present time is given in the table 
which follows: 

DESCRIPTION OF OILS USED AND DESCRIBED IN TABLE 1. 

(A) Expressed oil from vacuum-dried copra. Has been heated for two hours 
at 100° and filtered twice through paper. A light-colored, clear oil with the 
characteristic coconut, taste and odor. 

(B) An oil similar in every respect to “A” except that it was prepared from 
copra dried at 80° to 90°, without vacuum. 

(1) Fresh coconut meat grated and dried at 80° to 90° on August 10, 1904; 
was allowed to stand in a covered specimen jar until March 11, 1905. At that 
time it was still of a pleasant odor and taste, although both odor and taste were 
not cpiite ns good as when the specimen was freshly prepared. No mold growth 
was present. A sample of oil was expressed from a portion of this copra by 
using a hydraulic press with a final pressure of 450 kilograms per square cen- 
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timeter. This oil, after nitration, wan of a light-yellow color and it was of a 
pleasant, although slightly burnt, odor and taste. 

(2) 0il No. 1 was heated at 100° for three hours, while at the same time a 
current of air in a partial vacuum was passed through it. This process leaves 
the color and free acid unchanged but removes almost all of the burnt odor, 
leaving a bland, almost tasteless, oil. 

<3) An oil from the same copra as Nos. 1 and 2 but prepared by extraction 
with petroleum ether. Afterwards it was treated in the same manner as No. 2. 
It differs from Nos. 1 and 2 in being practically colorless. 

(4) Commercial coconut oil treated with alcohol and animal charcoal and then 
Altered; the alcohol'was afterwards distilled and recovered. This oil was rather 
unpleasant to the taste, but it bad no odor. 

(5) Commercial coconut oil treated with live steam; this removes the odor, 
but the unpleasant taste remains. 

(0) Fresh moat, ground and dried in vacuum at 70° to 80°. The oil was ex¬ 
pressed and once Altered; it possessed a very pleasant coconut-like odor and taste. 
It still contained a considerable amount of sediment. 

(7) . Coconuts cut in halves and dried in vacuum at 75° to 85 u . The oil ex¬ 
pressed and Altered twice. It had a very pleasant odor and taste. 

(8) The same oil as No. 7, heated at 100° for one and one-liulf hours and 
Altered hot. 

(9) The same as No. 7, heated at 100° for one and one-half hours, while at the 
same time a current of air was passed through the oil under partial vacuum. 
Filtered hot and bottled. 

(10) Fresh coconut meat, ground and pressed in a hand press to remove most 
of the milk. Afterwards this meat was dried completely by spreading it in the 
sun for about Ave hours. The oil expressed from this copra was almost water 
white and without taste or odor. 

(11) Coconuts split in halves and dried in the sun for Ave days.' Ground and 
expressed. Yielded a cloudy, light-colored oil, very hard to filter, with a peculiar 
but not unpleasant taste and odor. This sample was strained through cloth but 
not filtered. 

(12) Same as No. 11, strained and filtered slowly through paper. 

(13) Same as No. 11, heated at 100° for two hours and filtered through paper. 

(14) Fresh nuts, split in halves and allowed to stand during one week in the 
air at room temperature (about 30°). A vigorous mold growth and an un¬ 
pleasant odor developed. This moldy meat was dried in a vacuum and the oil 
was expressed. This was highly colored and was rather unpleasant to taste 
and smell. 

(15) Commercial coconut oil shaken with 2 |H?r cent of solid calcium oxide 
(burned lime), heated to 100° and filtered. The filtrate was treated with animal 
charcoal and again filtered; there resulted a colorless oil which was very free 
from an unpleasant odor or taRtc. 

(16) The same copra as that used for No. 1; was allowed to stand one month 
longer in an open jar, then expressed. 

(17) Oil expressed from vacuum-dried copra which had stood for one month 
exposed to the air; the oil was heated to 100° and filtered. 

(18) Expressed from sun-dried copra and treated in the same manner as 
No. 17. Both of these samples were of as pleasant a taste as oils from fresh 
copra. 

(19) Vacuum-dried copra which had stood in a closed desiccator over water for 
one month, and which had accumulated a very decided growth of mold. It was 
dried for one hour and expressed. The oil had a considerable color and was 
slightly unpleasant as to taste and odor. Heated to 100° and filtered. 
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(20) Sun-dried copra treated in the Maine way an No. 10. Yielded an oil 
somewhat darker in color but other wine much the Maine as No. 10. Filtered 
without heat. 

(21) Same an No. 20. heated to 100° before filtering. 

(22) The name copra as that used for samples 1 and 10 was allowed to stand 
for three weeks over water and for one week in air, and then dried and pressed. 
A vigorous mold growth appeared in the copra and a peculiar ethereal odor was 
upparent. The oil itself was of a light-yellow color, with a pungent, rather 
unpleasant, odor and an extremely disagreeable taste*. 

(23) Expressed from commercial copra, first quality, sun dried, Tadobnn, 
Leyte. The unfiltered oil is dark colored and cloudy, depositing a black sediment. 

(24) Same as No. 23, filtered. Almost colorless. 

(23) Expressed from commercial copra, grill dried. Laguna (second quality). 
Not filtered. 

(2(1) Same as No. 23, filtered. Light yellow in color. 

(27) Expressed from commercial copra, grill dried, Romblon (considered second 
quality). The filtered oil is light yellow in color. 

(28) Expressed from commercial copra, first quality, sun dried, Iloilo. The 
filtered oil is light yellow in color. 1 

(20) i% Longin'* coconut oil, prepared by the customary native process of grating 
the fresh meat, exhausting it repeatedly with water, and boiling down the 
emulsion thus obtained until it is nearly dry. The oil is then poured off from the 
brown coagulum which sinks to the bottom of the vessel. A freshly prepared oil, 
isolated in this manner, is very light in color and it possesses a decidedly pleasant 
coconut odor and taste. Before filtration it is more or less turbid, owing to the 
presence of a small amount of water and of albuminoids. 

(30) Same as No. 2ft, filtered. The oil is water white. 

(31) Best grade commercial coconut oil, probably made from fresh meat. It 
is light colored hut very turbid and contains considerable water and suspended 
matter. 

(32) Commercial coconut oil, probably made from copra. Very clear hut 
highly colored. 

(33) ('oiitmerciul coconut oil, Manila. JYoliahly made from fresh incut. Jt 
contained considerable susjieiided nuittcr and water. 

(34) Commercial coconut oil. Cebu. A highly colored “rancid” oil. Consider¬ 
able sediment in the bottom of the bottle. 

(33) Commercial coconut oil. Tayubas. A highly colored rancid oil made 
from copru. it is only a few’ months old. 

The following table shows the change in the amount of free acid 
which has betjp produced in these oils while they w r erc standing from 
the time of their expression up to the date of writing. The free acid 
was determined in each case by dissolving a known weight (about 5 
grams) of oil in 50 cubic centimeters of neutralized absolute alcohol, and 

8 The copras from which these last six samples of oils wrere made were secured 
through the courtesy of Messrs. Smith, Bell & Co. and the Compafifa General 
de Tabaeos de Filipinas, and taken directly from their warehouses. The samples 
obtained w f ere the ordinary grades of copra, ready for export, and had been 
stored for about two months, during the dry season. The oils, while not especially 
unpleasant to the taste, were of a sufficiently rancid character to preclude their 
use as edible products unless they were first subjected to a refining process. 
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phtlialcin as An indicator: 


droxide 

, using 

phenol- 

an Mir). 


- 

Two 

Four 

Six 

months. 

months. 

months. 

o.Ott 

' 0.09 

0.00 

0.06 

0.08 

**0.48 

1.8 

1.5 

1.9 

i.r> 

1.5 

1.7 

1.6 

2.1 

2.0 

. . .: 

5.9 

0.1 



7.0 

0. in 

0.19 

0.80 

0.18 

0.19 

0.27 

0.14 

0.19 

0.80 

0.10 

0.18 

0.25 

0.10 

0.21' 

0.28 

0.18 

0.25 

0.28 

0.10 

0.10 

0.14 

0.09 

0.09 

0.15 

3.7 

4.0 

4.3 


0.88 


1.7 

2.0 

. 

0.09 

0.14 

0.16 

0.18 

0.25 

0.27 

1.14 

1.34 

1.58 

0.09 

0.74 

0,85 

0.09 

0.71 

0.82 

1.0 

1.8 

2.0 

1.5 

1.7 

1.8 

3.4 

3.0 

3.9 



•Through the courtesy of Prof. A. H. Gill, of the Massachusetts Institute of Technology. 1 have 
been given some further data on the keeping qualities of this oil. A sample packed In a sealed tin 
can was shipped to him at Boston and tested there when it was about three months old. On arrival 
It was desenhed as being almost water white and of perfectly sweet odor. It then contained only 
0.068 per cent free acid as oleic, a figure which corresponds very closely to that obtained here at the 
same time. 

*>This oil was kept in a large bottle. A sample In a small bottle showed an acidity of only 0.09 
at thin time. 


At the present time there has been so little change in any of these 
samples that no very definite conclusions can be drawn as to the condi¬ 
tions which cause rancidity on standing. However, it may be considered 
as established that a pure, fresh, coconut oil can he prepared which con¬ 
tains a minimum amount of free acid and which shows no unpleasant 
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taste or odor. Such an oil very slowly increases in acidity, and, even 
after standing for one year under ordinary conditions, may still be edible 
without further purification. 4 Commercial oils, on the other hand, which 
contain from 5 to 10 per cent of free acid when freshly prepared, deterio¬ 
rate much more rapidly, even though they have been filtered and are free 
from impurities. For example, No. 32, which, on first examination, had 
0.8 per cent of free acid, increased in two months to 7.5 per cent. This 
oil is very clear, bright, and dry, being entirely free from sediment or 
turbidity of any kind. The samples prepared by us from’ fresh copra 
ranged from 0.06 to 0.16 per cent, the increase in two months being so 
small as to be almost negligible. Samples Nos. 1, 2, and 3, which 
contained a little over 1 per cent of free acid when fresh, increased from 
0.1 to 0.3 per cent in the same time. 

In fact, the increase in free acid to be expected in an oil when it is 
standing under ordinary conditions may almost be considered as being 
roughly proportional to its initial acidity. There are also indications 
that an oil from which albuminoids, etc., have been removed by filtration 
will retain its original condition better than one containing the above 
impurities. No. 6, for instance, which has been filtered once but which 
contained a considerable sediment, increased in four months from 0.10 
per cent to 0.19 per cent, while Nos. 7, 8, and 9, oils prepared in a 
similar manner but filtered more thoroughly, only showed an increase in 
the same time of from 0.16 per cent to 0.19 per cent of free acid. 5 This 
fact was a little more noticeable among oils prepared from sun-dried 
copra. Samples Nos. 11, 12, and 13 were taken from the same lot of oil, 
the only difference being that No. 11 was left unfiltered, while the 
impurities were removed as completely as possible from Nos. 12 and 13. 
It will be noticed that No. 11, in six months, shows a total increase of 0.15 
per cent free acid, having a little more than double its original acid value. 
Nos. 12 and 13 have in the same time increased only 0.01 and 0.02 per 
cent, respectively. 

The oils prepared from commercial copra likewise show this distinction 
to a greater or less extent. No. 25, an unfiltered oil, increased from 2.6 
to 3.4 per cent in two months, while No. 26, which is the same oil filtered, 
shows no change at all. However, contrary to expectations, the difference 

4 The sudden increase of acidity in sum pie* “A” and “B” between the fourth 
and the sixth months is due to the abnormal conditions under which they were 
kept at this time. The two samples when originally prepared were kept in 
500-eubic centimeter bottles which were nearly full, but during the fourth and 
fifth months they were opened so frequently for the purpose of taking samples 
for aldehyde and peroxide tests that only about 25 cubic centimeters remained 
in each bottle. The increase in acidity is probably due to a continuation of the 
surface oxidation which is discussed in a later part of this paper. A portion 
of sample “B” which bad previously been removed to a. smaller bottle showed 
practically no change at the end of six months. 

• On further standing, however, the difference in this case is not so marked. 
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in behavior between a filtered and an unfiltered oil is most pronounced 
during the first few months. On longer standing, the acid values tend 
to approach each other. 

The most important fact brought out by this work is that by far the 
greatest deterioration which an oil undergoes takes place in the copra 
itself. After ail oil has been expressed from the dried meat, its change 
on standing is very slight compared with that which is found in the 
same time while it is in the copra. For instance, sample No. 1 was 
prepared from anhydrous copra, which had stood in a closed jar during 
about seven months (under much better conditions than copra is ordi¬ 
narily kept); its free acid was 1.2 per cent ; an oil expressed from this 
copra when it was fresh had only 0.77 per cent of free acid after it 
had stood for seven months in tin; this same copra after remaining throe 
weeks over water and one week more in the air yielded an oil containing 
23.3 per cent free oleic acid. Samples Nos. 10 and 20 were prepared 
from copra which, when fresh, gave an oil with almost no free acid. 
Fresh coconut meat on standing for even a short, time in the air becomes 
covered with mold and produces an oil of a more or less rancid character 
(cf. No. 14). No great amount of rancidity was developed in any case 
until signs of mold or bacterial growth wen* visible on the surface of the 
copra. From this it would seem very probable that the splitting up of 
fat and the accompanying “rancidity" produced in copra arc in a large 
measure due to the action of micro-organisms, which have an excellent, 
culture medium in the sugar, albuminoids, aud water which exist, 
together with the oil, in coconut meat. 

Koenig, Spieehermann, and Bremer," in their valuable paper on the 
decomposition of fats by micro-organisms, have conclusively shown 
that cottonseed meal containing a sufficient amount of water, is attacked 
by molds and bacteria, and that the oil therein is, on long standing, 
almost completely destroyed. In the accompanying experiments the 
methods used by these authors were followed, with certain modifications, 
which consisted chiefly in substituting freshly prepared anhydrous copra 
for cottonseed meal, and in paying especial attention to the amount of 
free acid developed. 

The copra used for this work was prepared by grinding up fresh 
coconut meat and drying it at 90° to 100° (!. under a partial vacuum, 
until the meat was anhydrous. It was then kept over sulphuric acid, 
to be used as needed. This product had become quite brown during the 
prolonged drying, but yielded an almost colorless oil, of a sweet taste, 
and which contained about 0.15 per cent free acid as oleic. 

Ten-gram samples were weight'd out in large, stoppered tost tubes ami 
each tube was inoculated with one drop of a solution made from some 

• Koenig, Spiechermnmi, and Bremer: BeitrHge zur Zeraet-zung tier Flitter- tind 
Nahrungsinittel (lurch Kleinweaen. I. Die Fettverzelircmlcri Klcinwiwn. Ztsr.hr. 
f. untcrsuch. d. Nakrungs-u. (Jenvssmittel (1001), 4, 721, 700. 
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old, moldy copra. A definite volume of distilled water was then added 
to each, and all were allowed to stand for one week at room temperature 
(25 # -30° C.) and for the same length of time in an incubator at about 
35° 0., the tubes being opened every morning and any change in odor or 
appearance noted. After two weekB the whole scries was dried, weighed, 
the oil extracted with chloroform, and its acidity determined. 



No. 1. 1 

No. 2. 

No. s. i 

I 

No. 4. 

No. 6. | 

... . .i 

No. 6. 

No. 7. 

NO. 8. 

No. 9. 

Weight of dry 
copra.. 

10.00 ‘ 

10.00 

i 

10.00 ] 

10.00 

10.00 ' 

1 

10.00 

10.00 

10.00 

10.00 

Weight of water 
added_ 

0.00 

0.60 

1.00 

1.60 

i 

j 

2.00 

8.00 

6.00 

7.00 

10.00 

Percentage 
moisture_ 

i 

0.00 

4.78 

9.09 

18.04 

16.67 

28.08 

88.83 

41.18 

60.00 

Weight of dry 
copra at end 
of experi¬ 
ment.. 

10.00 

9.99 

9.70 

9.20 

9.80 

9.10 

9.20 

8.97 

9.16 

Gain (+) or 

low (-) . 

0.00 

- 0.01 

-0.80 

4). 80 

- 0.70 

-0.90 

1 

0. HU -1.08 

-0.86 

Weight of oil „ 

6.79 

8.77 

H. 01 

0.64 

0.08 

0.82 

6.78 

' 0.07 

6.84 

Gain ( i ) or 
low. (-) - 

| 0.00 

0.02 

- 0.1H 

1 

- o. ir> • -o.n 

(+0.08) 

0.01 

i 

i 0.12 

i 

;(+o.o6) 

Gain ( 4-) or \ 
lOM ( ) Of i 

MUbiitanceH • 
other than j 
oil ! n on 

(+0.01) 

0.12 

-0.06 

i 

s 

| 0.M 

0.98 

-0.79 

i 

i 

! -0.91 

1 

i 

i 

. * 

! - 0.90 

Percen cage 

i 

1 

free acid- 

| 0.16 

0.18 

8.7 

ft. 2 

«•* 

i 

0.40 

3.0 

I 0.1 

1 

j 2.9 


No*. 1 And 2 remained unchanged in npjwarance and odor throughout the experi¬ 
ment. Nos. 3, 4, and 5 developed a alight mold growth and a peculiar ethereal 
odor, not especially unpleasant except in the case of No. 5. No. 6 showed no 
mold growth but turned much darker than the others and almost from the start 
possessed a very disagreeable odor. Nos. 7, 8, and 0 soon developed a sour smell, 
which, however, was not so unpleasant as that of No. 0, but they showed no 
mold until they had been placed in the incubator, when Nos. 7 and 8 became 
covered with a vigorous white growth with numerous patches of rcd. T No. 8 
retnained unchanged in appearance. 

The percentage of free acid in the oil here seems very closely to follow 
the appearance of a visible mold growth in the copra, being at a 
maximum in No. 3, where the mold first makes its appearance, decreasing 
slowly, with added moisture, up to No. 6 (no mold growth in evidence), 
increasing again in Nos. 7 and 8 (reappearance of mold growth). 

As might be expected in an experiment of so short a duration, the loss 
in total weight of oil was in no case large, but it was sufficiently marked 
to show that it also chiefly took place in those tubes which contained a 

T Subsequent experiments indicate that this growth in Nos. 7 and 8 was due 
to a loss of moisture while in the incubator. 










growth of mold; the loss of Hubfltances other than oil, on the contrary, 
was considerably lees where the molt] w«h most vigorous. 

As nothing Was known concerning the organisms with which these lube* 
had been inoculated, it was decided to repeat this experiment, without 
inoculating the tubes directly, but to start the growth by simply exposing 
them to the action of such organisms as might be present in the air from 
day to day. Therefore, the tubes were filled ns liefore and allowed to 
stand at room temperature for two weeks, being opened and exposed to the 
air for a few minutes each day. A similar set was prepared at the same 
time and afterwards given to Dr. Edwards, of this Bureau, for bacterio¬ 
logical examination. 



No. 1. 

No. 2. 

No. 8. 

No. 4. 

No. ft. 

No. 0. 

No. 7. 

1 

No. H. j 

i 

No. 9. 

Weight of dry 




• 




. .j 

.! 

* 

copra.. 

Weight of water 

10.00 

10.00 

iu.no 

10.00 

10. (Ml 

10.00 

10. (M) 

10.00 ; 

10.00 

added_ 

Percentage inols- 

0.00 

O.ftO 

1.00 

l.fto 

2.00 

3.00 j 

1 

ft. 00 

7.00 | 

i 

10.00 

ture- 

Weight of dry 
copra at end of 

0.00 

4.70 

9.09 

13.01 

10.07 

23. OH i 

i 

| 

33.33 

41.18 

.10.00 

experiment- 

Gain (+) or low 

9.99 

10.00 

1 i 

9.07 

! 

9. ft9 

9.39 

9.11 ! 

: j 

9.42 

8.97 : 

(•) 

( ). 

(-0.0)) 

I 0.00 

0.38 

-0.41 

0.01 

0.89 ; 

l.ftS 

1.03 1 


Weight of oil_ 

Qain (1) or low 

0.88 

1 0. lift < 

i 

i 0.24 

0.18 

6.ft4 

1 0.92 ! 

o. si , 

0.83 


("■).-. 

Gain (-1 ) or lorn 
( -)ofnnhKtniiecx 

0.00 

(+0.02) 

: 

O.ftO 

o.oft 

-0.29 

110.09); 

i 

0.02 

0.00 ' 

i 

other than olL... 
Percentage free 

(—0.01) 

(-{-0.02) 

-f 0.20 

•to. 24 

0.32 

j | 

- o. iw ; 

| 1 

-O.ftO 

1.03 : 


aeid. 

0.1ft 

0.17 

11.8 

12.9 

1 13.7 

! 0. ft7 ; 

0.39 

0.47 j 

0.24 | 


. — _ 
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•This tube wok broken while drying. 

These tubes behaved very much like thorn* which hud been used in the previous 
experiment, Nos. 4 and 5 showing a growth of mold and tin ethereal odor in 
four and No. 3 in six days; No. 0 darkened and lieeanie putrid, while Nos. 7, H, 
and ft simply turned •• sour.” 

The bacteriological examination showed no organisms to la* growing in Nos. 1 
and 2; bacteria were found in Nos. 3 to ft, in elusive, and molds in Nos. 3, 4, and 5 
only; the latter were much more numerous than the bacteria in Nos. 3 and 4, 
and about equally divided in No. 5. 

The mold most commonly occurring in Nos. 3, 4, and 5 was identified 
as Aspergillus flavius; others, mostly Aspergilli, were also found but as 
yet have not been indentified. Quite a number of bacilli were isolated 
in pure cultures, but no attempt at identification has vet been made.* 

•Experiments arc now being undertaken to study the aetion of pure cultures 
of all these organisms on copra of varying degrees of moisture. The cultures 
are being prepared by Dr. Edwards. The results will be published in a later 
paper. 
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In this series of tubes, as well as in the preceding one, a high acid 
value, accompanied by a loss in weight of oil, is evident only in those 
samples which have been attacked by molds—that is, in Nos. 3, 4, and 6, 
which had a water content of from 9.09 to 16.67 per cent. 

No. 6, the dark-colored sample with a very disagreeable odor, showed 
a slight gain in the weight of oil, probably due to the production, by 
organisms, of bodies other than oil which are soluble in chloroform. 
In all the other samples the weight of the oil practically remained un¬ 
changed. The large loss in substances other than oil (sugars, albumi¬ 
noids, etc.) is confined, on the contrary, to those tubes in which bacteria 
predominate—that is, those containing more than 16.67 per cent of 
moisture—indicating that bacteria obtain their carbon and hydrogen 
chiefly from the sugars, albuminoids, and cellulose which are present in 
copra, while molds directly attack the oil. Whether molds alone can 
split up and assimilate oil from copra, or whether they may not be 
symbiotic with certain bacteria, remains to be established by means of the 
experiments to be undertaken with pure cultures. 

The most important point to be considered from a practical point of 
view is the fact that copra containing as little as 9 per cent of moisture 
is still attacked by molds, with the consequent production of free acid 
and coloring matter as well as loss in weight of oil. Unfortunately, the 
copra produced in the Philippine Islands ordinarily contains from 9 to 
12 per cent of water, a condition which is the most favorable for mold 
growth and for the deterioration of the oil. The remedy for this is 
obvious. A more complete drying, to reduce the water content to 5 per 
cent or less, will produce a copra which is unattacked by organisms. Such 
a product, kept dry, will remain fresh and sweet for a long time. In 
a previous part of this paper I have shown that copra, once sufficiently 
dried, may be kept during the dry season in Manila without any change 
whatsoever, but recent experiments prove this not to be the case during 
the rainy one, even with anhydrous copra. 

Two samples of the latter, cut into fine pieces, were exposed, in open 
specimen jars, for a period of one month. At the end of this time one 
sample was covered to exclude air, while the other remained open. The 
covered sample soon developed a slight mold growth and a characteristic 
ethereal odor, and at the end of another month the oil extracted from 
it contained free acid to the amount of 3 per cent. The sample left 
uncovered for two months was not changed as much, for the oil front it 
contained only 0.89 free acid. This is probably due to the fact that 
during the time of exposure there occurred several comparatively dry 
periods of from three to four days each, during which there was very 
little rain, thus giving the speed men an opportunity to become partially 
dry so that the beginning growth of any mold would be stopped. The 
covered and uncovered samples were found to contain 7.8 and 6 per cent 
of moisture, respectively, which indicates the marked influence of n 
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comparatively small amount of water on the keeping qualities of copra. 
As shown in the previous experiment, copra containing 4.76 per cent of 
moisture remains practically unchanged on standing under conditions 
which preclude the absorption of water, while that with 9.09 per cent 
produced 11.8 per cent free acid in two weeks. Between these two 
extremes come the two samples mentioned above, the one with 6 per cent 
of water increasing to 0.89 per cent and that with 7.8 per cent rising to 
3 per cent of free acid during a period of two months. 

EXPKKIMENTS ON COPRA DRYING. 

Since the quick and thorough drying of copra has been shown to be 
of such vital importance in order to insure the production of a pure oil, 
an investigation of various methods of copra drying has been made, taking 
into consideration not only the processes common in these Islands but 
also those which are used in other countries. 

Sun drying .—As has been stated in the introduction to this series of 
papers, the simplest and most primitive inode of drying copra is to 
expose the nuts, cut in halves, to the action of the sun during about five 
days. This method, although it is a slow one, under favorable climatic 
conditions produces a very fair quality of copra. However, a sudden 
rainstorm or u succession of cloudy days is sufficient to start mold 
and bacterial growth, with the consequent deterioration of the copra. 
Considerable loss due to the attacks of insects and animals is also suffered 
during the long period of drying, and the finished product very seldom 
contains less than 9 per cent of moisture. 

Orill drying .—A much quicker method is the one carried out by laying 
the half nuts, face downward, on a bamboo grating placed over a slow 
fire of coconut huskB. After being dried in this manner over night the 
nuts are removed from their shells and are then again placed over the 
fire, where they are allowed to remain for from four to five hours longer. 
This process, although it is cheap and comparatively rapid, has the 
disadvantage of yielding a dark-colored product which has a sinoke-like 
taste and odor, and it also tends to form a hard, burnt coating over the 
surface of the nut. while the inside is left in a comparatively moist state, 
a fact which is often taken advantage of by the small producers, who 
sell their copra by weight. Commercial copra prepared in this way 
contains from 9 to 13 per cent of moisture. 

Hot-air drying .—This method of desiccation has been used successfully 
for a long time in the preparation of coffee, cacao, dried fruits, etc., and 
is at present in quite extensive use for the making of copra in Ceylon," 
where it is said to give a very pure, light-colored product. The type of 
apparatus used in that island essentially consists of a large chamber filled 
with wire trays upon which the coconuts are placed and over which a 

• Tropical Agriculturalist, 23, No. 10, Biipplevm'nt. 
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current of hot, air, driven by a fan, is passed. In Trinidad, 10 British 
West Judies, there is now in operation a rotary hot-air drier which, it 
is stated, is better than any other apparatus now in use. 

For the purpose of testing the efficiency of the stationary form of hot-air drier, 
a double-wnlled, rectangular galvanized-iron box, having an internal capacity of 
about (1.2 cubic meter, wan constructed. Three gnlvanized-iron trays, perforated 
at one end, were set in this box in such a manner that the stream of hot air 
entering through a 20-centimeter pipe At the bottom was compelled to pass over 
each in turn before escaping at the top of the apparatus. A constant current of 
air was obtained by means of a small electric fan which was connected with a 
section of 15-centimeter pipe, so arranged that it could be heated by a small 
kerosene stove to any desired temperature. The apparatus had a maximum 
capacity of 24 nuts split in halves or 12 nuts when shredded. 

Experiment /.—Four nuts were split in halves and placed on the 
bottom tray. 

Temperature of entering air, 56° O. 

Temperature of escaping air, 51° C. 

Time of drying, 20 hours. 

The copra dried at this comparatively low temperature was very white 
and of the best quality. A sample of oil expressed from it contained 
0.08 per cent free acid. 

Experiment //.—The meat from twelve nuts was shredded by hand and 
treated for one day in the same manner as in the preceding experiment.; 
it was then allowed to stand at room temperature over night and com¬ 
pletely dried on the following day. The substance in the bottom tray 
naturally desiccated much more rapidly than in the other two, therefore 
as soon as one tray was completely dry it was removed and replaced by the 
one just above it. 

Temperature of entering air, 66° C. 

Temperature of escaping air, 50° C. 

Actual time of drying: 

Top, 14 J hours. 

Middle, 12} hours. 

Bottom, hours. 

The less completely dried copra in the two upper trays became slightly 
“soured” while standing over night. This caused a slight increase in 
free acid as follows: 


1 Percent 

Tray. ! free fatty 

1 acid. 

1 

T<»P. 

-.-.[ 0.32 

Middle.... 

.. 1 0.10 

Bottom — 

...j 0.1S 


Journal <VAyi'iculture Trojneale (1904), 103. 
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Experiment IIL —-The meat from four nuts was shredded ami placed 
in the bottom tray, being stirred every half hour. 

Temperature of entering air, 03° C. 

Temperature of escaping air, 74° C. 

Time of drying, 3} hours. 

' The copra thus produced was thoroughly dry, very white, and pleasant 
to the taste. The oil expressed from it contained only 0.0(5 per cent 
free fatty acid. 

In Experiment 11, as would naturally be expected, it is evident that 
the meat farthest away from the entering air requires a much longer 
time for drying than does that which lies closer to the bottom of the 
box. This is due to the fact that the air gradually becomes cooler and 
more completely saturated with water vapor as it passes over the moist 
copra. For practical use, therefore, a drier should be equipped with 
some sort of a mechanical carrier which would constantly introduce fresh 
coconut meat at the coolest part of the machine and then bring it slowly 
down toward the hottest portion. 

Experiment IV .—This was undertaken in an endeavor to ascertain the 
approximate time required completely to dry the fresh meat, introducing 
it at the top of the apparatus and shifting it gradually toward the bottom. 
Four trays, each containing the freshly grated meat of \ coconuts, were 
prepared, and three of these wen* placed in the drier simultaneously, tray 
No. 1 being at the bottom. After the latter had become sufficiently dry, 
it was removed from the apparatus and t rav No. 2 moved down to take its 
place; this was next replaced by No. 3, and finally in the same maimer 
by the moist sample No. I. 

Entering air, 96° <’. 

Escaping air, 70° (\ 

Actual time of drying: 

No, 1, 41 hours. 

No. 2, 51 hours. 

No. 3, 6} hours. 

No. 4, 4 hours. 

From the above experiments it may he concluded that the average time 
of drying, where the apparatus is run continuously at 95° 0., will 
approximately bo four hours. 

The rotary drier .—A section of galvanized-iron pipe 20 centimeters in 
diameter by 6 meters long was set. up on wheels and connected with a 
small electric motor so that it could be made to revolve at any desired 
speed. The same current of hot air which was previously used for the 
stationary drier w r as connected with this apparatus. Four strips of angle 
iron extending throughout the length of the pipe served to keep the moist 
copra in constant motion during the time of drying. After much pre¬ 
liminary work to determine the proper inclination necessary to allow the 
material to pass through the apparatus w r ith sufficient slowness, it was 
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fouud that by careful manipulation the grated meat from four nuts 
could be dried in about two hours so as not to contain more than 6 per 
cent of moisture. The only objection to this method consists in the 
difficulty of regulating the speed with which the ground meat passes 
from one end of the apparatus to the other. This is dependent on four 
factors: (1) The number of revolutions per minute, (2) the angle of 
inclination, (3) the specific gravity of the coconut meat, and (4) the 
speed of the entering current of hot air. In the machine used here an 
unfortunate tendency toward a separation of the moist from the dry 
copra appeared; the dry particles, being lighter, were held back by the 
current of air or even blown out through the upper end of the tube, 
whereas the moist and consequently heavier pieces passed through too 
quickly. When these mechanical difficulties are solved this should prove 
the ideal method for drying coconut meat for oil-making purposes. 

Vacuum drying .—The apparatus used was a small, barrel-shaped iron 
chamber, about 34 centimeters in diameter and in length, insulated with 
asbestos and heated by three hollow steam plates upon which the substance 
to be dried was placed. The pump connected with this drier gave a 
vacuum of about 660 millimeters (absolute pressure of 100 millimeters). 

Experiment 1 .—Four coconuts (the maximum capacity of the ap¬ 
paratus) were split in halves, after removing the outer husk, and kept 
in the drier for three hours. The meat had then contracted sufficiently 
to allow of its being removed from the shell. During this time the tem¬ 
perature had gradually risen from 30° to 80°. The meat was then 
subjected to a further drying during four hours, at the end of which time, 
though not perfectly anhydrous, it was fully as dry as the ordinary 

commercial article. 

« 

Actual time of drying, 7 hours. 

Maximum temperature, 80° O. 

Vacuum, 635 millimeters. 

Steam pressure, about 0.7 kilo per square centimeter (10 pounds). 

Experiment II .—The preceding experiment was repeated under prac¬ 
tically the same conditions, except that the nuts were allowed to dry 
completely without removing the shell. 

Time of actual drying, 8 hours. 

Maximum temperature, 80° C. 

Vacuum, 648 millimeters. 

Steam pressure, about 0.7 kilo per square centimeter (10 pounds). 

Experiment III .—An attempt was made to shorten the time of drying 
by increasing the steam pressure and having the machine hot before 
putting in the nuts, the initial temperature being 75°. 

Actual time of drying. 5} hours. 

Maximum temperature, 86° O. 

Vacuum, 640 millimeters. 

Steam pressure, about 4.2 kilos per square centimeter (60 pounds). 
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Experiment IV .—The meat from four nuts was ground and spread in a 
layer of a depth of about 3 centimeters in shallow glass dishes. The 
initial temperature was 60°. 

Actual time of drying, 9 hours. 

Maximum temperature, 75° C. 

Vacuum, 660 millimeters. 

Steam pressure, 0.7 kilo per square centimeter (aUnit 10 pounds). 

Experiment V .—Pour coconuts wore split in halves and put into the 
machine, the latter being left partly open and with no vacuum. 

Actual time of drying, 11 hours. 

Highest temperature, 86° C. 

Steam pressure, 0.7 kilo per square centimeter (about 10 pounds). 

Therefore, under the best conditions obtainable (temperature 85° and 
vacuum 635 to 660 millimeters), the minimum time required for vacuum 
drying was five and one-half hours. 11 

If we are to form our judgment from the great efficiency of the 
vacuum evaporators used for sugar solutions and for many other liquids, 
it might be supposed that this process would bo equally advantageous 
for coconuts. However, the two conditions are altogether different. In 
the case of solutions we have a thin layer of liquid in direct contact with 
a heated surface, the evaporation taking place so rapidly that the space 
above the liquid is constantly saturated with moisture; the main object 
of these machines is to remove and condense the surplus water vapor as 
rapidly as possible and by so doing to allow the evaporation to proceed at 
a comparatively low temperature. The water in coconut meat, on the 
other hand, which at the most is not greater than 50 per cent of the 
total weight of material, under the best conditions, diffuses very slowly 
through the cells of the copra to the surface, the removal of moisture- 
laden air therefore becoming a matter of secondary importance. The 
principal consideration is the constant application of as much heat to 
the entire surface of the material as the latter can endure without becom¬ 
ing burnt. That this condition is not fulfilled in the best manner by 
a vacuum drier is chiefly due to the poor conductivity of the rarified air 
which it is necessary to heat. Although the temperature of the steam 
plates in the drying oven is from 100° to 110°, that of the partial 
vacuum immediately above and surrounding the copra, even after several 
hours, rarely rises above 75°. To this local superheating for a long 
period of time at the point of contact with the plates, probably is due the 
brown color and slightly burnt taste which vacuum-dried copra almost 
invariably possesses. 

For the sake of comparison T append the following table showing the 

u This does not include the time necessary to produce steam and to heat up the 
drier. These items must be considered tinless the apparatus is to run con¬ 
tinuously. 
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approximate time required to dry copra under the most favorable condi¬ 
tions by each of the methods previously considered: 


Method. 

Time. 

Sun _... 

5 day*. 

UrlU-.-...... 

10 to 12 hour*. 

i Hot air (box). 

Si to 4 hours. 

Hot air (rotary). 

2 to 8 hours. 

1 Vacuum.... 

5| to 6| hour*. 


The quality of the copra produced by the hot-air box drier is very 
much superior to that yielded by any other method, since it is perfectly 
white and dry, retaining the pleasant odor and taste of fresh coconut 
meat. For oil-making purposes the rotary apparatus, because it lends 
itself to a continuous process and require* considerably less time, recom¬ 
mends itself especially, although its product does not present quite so 
pleasing an appearance. Either of these two methods, on account of 
their cheapness and simplicity, should be preferred to vacuum drying. 

Centrifugating .—Another method of drying suggests itself, which 
should prove to be very efficient, although, owing to lack of facilities, 
I have not as yet been able to give it a practical test. This is to extract 
the meat from coconuts by means of a rotary burr and to run this 
product directly into a powerful centrifugal from which the greater part 
of the water would he thrown off at once. A comparatively short, sup¬ 
plementary drying by means of hot air would then suffice to prepare copra 
for expressing the oil. Another point in favor of this method is that the 
copra resulting therefrom, having lost most of its sugar and albuminoids 
together with its water in tin* process of centrifugation, would be able to 
withstand a higher temperature while drying (with a resulting economy 
of time) without showing the same tendency to turn brown. Once dry, it 
could be stored with less danger of deterioration through mold action than 
material prepared by ordinary methods. Tlu» objection may be raised 
that, during the centrifugation, a considerable amount of oil together 
with the water would be thrown off from the fresh meat, and that this 
would either entirely be lost or would necessitate much lalior for its 
recovery. This, to a certain extent, is true, as the water in coconut meat 
exists in the form of a cream-like emulsion with oil, sugar, and albu¬ 
minoids. A sample of this "coconut cream/’ prepared by expressing the 
fresh meat in a hand press, was, on analysis, found to have a specific 
gravity of 1.012 at 30° C. and to consist of— 


Per cent 

Water . 66.3 

Total solids. 43.7 

Ash.-...—.. 1.2 

Fat..-___ 33.4 

Proteid (N x 6.25) 1 *. 4.1 

Total sugar as invert sugar___— 5.0 


18 Determination made by Mr. Richmond, of this laboratory. 
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The above results show that it approximates in nutritive properties 
the composition of a rich, natural cream; it is very pleasant and sweet 
to the taste, possesses an agreeable odor, and, when sterilized and properly 
sealed, will remain indefinitely in a fresh condition. Such a product 
could be used as as substitute for all of the purposes to which the so- 
called “evaporated creams,” now on the market, are put, and it might 
prove to be one of the most valuable by-products of the coconut-oil 
industry. 

THE ACTION - OF ORGANISMS ON COCONUT OIL UNDER VARYINO CONDITIONS. 

Although, as has been shown above, the character of a coconut oil in 
regard to free acid, odor, and taste is determined chiefly by the quality of 
the copra used for its production, there is also in most commercial oils 
a slow but steady deterioration, amounting in the worst cases to a rise 
of about 0.5 per cent per month (cf. sample No. 31, p. 120), while 
with pure, filtered oils this readies only a few hundredths per cent in 
the same time. It has been remarked above that samples of oil which 
contain suspended impurities and water, as a rule, increase in their 
content of free acid somewhat more rapidly than do similar ones which 
have been clarified; a result to be expected, if, as is the case with copra, 
decomposition is due to micro-organism's, since it lias been proven that 
bacteria and molds do not live for any length of time in pure oil. 13 

The influence of impurities on the keeping qualities of oils was noticed as 
early as 1855 by Pelouze, 14 who observed that various oleaginous seeds, when 
crushed and extracted at once, yielded almost neutral oils, whereas if, after 
being crushed, they were allowed to stand for some time lx>fore extraction, the 
oil then produced contained a large amount of free acid, lie considered this 
action to be due to a ‘‘ferment” similar to that producing alcohol from sugar. 

Pastrovich and Ulzer, ,s using a mixture of oleomargarine with 0.5 per cent 
casein and 1 per cent water, observed .an increase of acidity from 0.888 to 1.250 
per cent in one week, and in fourteen weeks 0.888 to 10.270 per cent. They 
make no attempt to explain this effect, evidently attributing the saponification 
to some change brought about, directly by the presence of albuminoids, although 
it is very probable that it was produced by bacteria or molds. 

The following experiment* were undertaken with a view of accentuat¬ 
ing this difference in keeping qualities between pure and impure oils by 
exposing them directly to the action of micro-organisms under similar 
conditions. 

About 20 cubic centimeters each of samples Nos. f>, 8, and 11 were 
jioured into small beakers and placed in a covered specimen jar containing 

M E. Ritsert: Uiitersuehungen liber das Itanzigwerden dor Fettc. Chem. Centrb. 
(1890), 507, 575, 813. 

u M. «T. Pelouze: Memoir, sur la saponification des Joules sous Piufluencc des 
matieres qui les accompagnent dans les grains. Gompt . Rend. (1855), 40 ; 605. 

«Pastrovich u. Ulzer: Ueber den Einfluss der Gegenwart verscliiedener Eiweiss- 
kdrper auf Fettc. Bei\ d. chem . Gcsell.’ ( 1003), 36, 209. 

881ft!-2 
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a little moldy copra together with a beaker of water to insure an abun¬ 
dance of moisture. They were then allowed to stand at room temperature 
(25° to 30° 0.) for two months. Their change in acid value is shown 
as follows: 


i 

i 


I After standIrift one After standing two 

| month. months. 


6 

8 

II 


NimuIkh* of oil. 


F. F. A. ' 

in oil 

CXIKMft’d to, 

mold. 

F. F. A. ; 
in oil in | 
origin*! 

1 Kittles, j 

F. F A. : 
in oil 

exposed to; 
mold. : 

F. F. A. 
in oil In 
original 
bottles. 

0.2*2 : 

0.10 ! 

0.20 ■ 

0.17 

0.28 ! 

o. 14 ; 

0.20 j 

0.17 

0.22 ! 

o.is i 

i 

0.H3 ! 

i 

1 

0.22 


A slight increase of acidity was evident in each of these samples, but 
No. 11, an unfiltered, very turbid oil, was decomposed much more rapidly 
than either of the others. It also was characteristically rancid in odor 
and taste and contained a visible mold growth. 

Since a marked difference was shown in the behavior of these oils, it 
was decided to observe the effect of the addition of small quantities of 
nutrient matter and of water on the rise in the free-acid contents of a 
pure oil. The nutrient material which was used was prepared from 
“ latic,” a coagulated residue produced in the native process of making 
oil, by boiling down an emulsion of fresh coconut meat. This residue, 
when dried and extracted with chloroform, yields a light-brown powder, 
partially soluble in water and of a sweetish, not unpleasant, taste. It 
consists chiefly of albumin and sugar. The following samples were 
prepared, using pure, fresh oil as a base: 

A. 25 cubic centimeters oil -4- 0.25 grams “latie.” 

B. 25 cubic centimeters oil -f- 0.25 grams "latic” 4- 0.25 cubic 

centimeters water. 

C. Control of pure oil. 

Kadi of these samples was placed in a 50-cubic centimeter glass bottle 
inoculated with one drop of the moldy oil (No. 11) used in the previous experi¬ 
ments, and allowed to stand for one week at room temperature, and, after 
determining the increase in acidity, for one week in the incubator at 35°. 
Finally, the acidity was tested after the oil was allowed to stand for two months 
longer at room temperature. 


Sample. 

Initial 

acidity. 

One 
week at 
room 
tempera¬ 
ture. 

One 
week at 
3ft°C. 

Two 

mouths at 
room 
tempera 
lure. 

A 

0.10 

0.11 

0.13 

0.27 

1 B 

0.10 

0.2ft 

1 o.oo 

:i.s 

I C 

L_ 

0.10 

0.10 

0.11 

1 

0.18 











Tlie following table gives the results of a similar experiment in which 10 cubic 
centimeters of the oil to be tested were inoculated with a drop of moldy oil, 
then poured out in a Petrie dish, which was placed in a closed specimen jar 
over a little moist, moldy copra, and allowed to stand in the incubator at 33° 
to 35° C. for one week: 


Nailin’ of oil. 

Initial 

acidity. 

One week 

at 

88°-35° C. 

No. 39__ 

0.10 

0.10 

0.50 

0.21 

No. 80.... 

No. 80 4 I per cent “latte” 



+ 1 per cent water__ 

0.10 

8.(53 

.... . 


... 


The last sample, which showed the greatest increase in acidity I have 
yet been able to produce in a short time, was almost completely covered 
by a greenish-yellow mold, similar to that noticed on copra, and it had 
the characteristic odor of a rancid oil. 

In the light of these latter experiments there can be no doubt of the fact 
that coconut oil, provided it contains sufficient moisture and nutrient 
matter, is attacked by micro-organisms, principally molds, with an accom¬ 
panying production of free acid and of a disagreeable taste and odor. 
This is the principal cause of “rancidity” in coconut oil, if by “rancidity” 
we mean a high acid content and a bad taste and odor. Whether this fat 
splitting is directly due to a life process of the molds or to an enzyme 
secreted by them is a problem which has not yet been solved. However, 
it seems highly probable that these molds produce a slowly acting enzyme, 
soluble in oil, which continues its hydrolytic action even after the or¬ 
ganisms themselves are dead. This would account for the steady increase 
in free acid of some commercial oils which are perfectly clear and free 
from impurities and which have been proven to contain no living bacteria 
or molds. Experiments are now being carried on to clear up this point. 

OTHER FACTORS INFLUExVCING THE ACIDITY OF OIL. 

Effect of sunlight .—Twenty-five cubic centimeters each of samples “A” 
and “11” (see table, p. 119) were placed in 50-cubie centimeter glass- 
stoppered bottles and allowed to stand in the sun for one month. At the 
end of this* time “A” contained 0.22 per cent and “11” 0.24 per cent of 
free acid, while at the same time the original samples “A” and “11” 
showed 0.06 and 0.18 per cent, respectively. No marked change in taste 
or odor could be detected. The acid content of the pure sample “A” 
appears to have increased considerably more than that of 11,” due 
probably to its contamination with a few drops of water during a heavy 
rain. However, the total amount of acid developed was so small that 
the experiment was not repeated. 

Effective of heat and moisture .—Several samples of oil were heated 
at 100° for periods up to twenty-four hours with no change in acid 







136 


value. However, on heating in a sealed tube, considerable alteration took 
place, as is shown in the following: Samples from No. “B” and from that 
portion of No. 11 which had been exposed to sunlight were heated in 
sealed tubes at about 160° for ten hours. “B” changed in percentage 
of free acid from 0.06 to 0.90, but was unchanged in color, odor, or taste. 
“11” rose from 0.24 per cent to 2.05 per cent under the same conditions, 
and possessed a very disagreeable odor and a nauseating taste. It also 
showed a considerable increase in color, probably due to decomposed 
albumin, etc. The change taking place in the sample was demonstrated 
to he a simple hydrolysis by heat and moisture. In the next experiment, 
both “B” and “11” (original samples) were dried very carefully by 
passing through them a current of dry air for seven hours at 100°; 10 
cubic centimeters each of the dry oils were then sealed in glass tubes and 
heated at about 160° for ten hours. For comparison, two more tubes 
of oil were subjected to the same conditions, one containing 10 cubic 
centimeters of sample 11 (undried), the other 10 cubic centimeters of 
the dried oil “B” plus 3 drops of water. 


on. 


-B” dry_ 

"B” + &<{... 

11 tlry_ 

11 origin*!-. 


In neither of the samples marked “B” was a bad odor or any color 
produced, though the hydrolyzed sample was slightly unpleasant to the 
taste, owing to the large amount of free acid present. However, both the 
similarly treated tubes containing oil No. 11, in spite of their low acid 
value, were decidedly disagreeable to the taste and smell and presented a 
decomposed appearance. 

FACTORS WHICH CAU8K RANCIDITY IN OIL. 

The average person, if asked to judge of the quality of these four 
heated oils by the sense of taste and smell alone, would almost invariably 
say that both samples of oil No. 11 were “rancid” and that the other two 
were fairly pure, whereas, judging from the amount of free acid present, 
one might consider “ B + aq.” as the only sample containing a marked 
amount of rancidity. From the above it is evident that rancidity and 
free acid are not by any means synonymous and that the cause of the 
former must be sought elsewhere than in the percentage of the latter. 

Lewkowitsch applies the terra "rancidity-* only to those fats which contain 
an excess of free fatty acids due to the action of air. 

Alder Wright *• gives a r6euni6 of the work done on this subject and concludes 

'•Alder Wright: Fixed Oita, Fats , Butters, and, Waxes , second edition (1003), 
108. 


Before 

heating. 

After 

heating. 

0.07 

0.09 

0.07 

14.8 

0.18 

0.19 

0.18 

0.46 


i 
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thftt rancidity is the Alteration which oils and fats undergo when not protected 
from the influence of air and light . “Such oils” he says, “acquire a sharp, dis¬ 
agreeable taste and odor, their proportion of free acids gradually increases, and 
they undergo various other chemical alterations.” 

Schmid ,T differentiates between “sour fats,” “rancid fats,” and “sour and 
rancid fats.” “A fat is sour,” he says, “when its content of free fatty adds is 
abnormally high but the free glycerine is unchanged. A fat is rancid when the 
proportion of free fatty aeids is not high but the free glycerine has been oxidized 
partially or completely to aldehydes and ketones. A fat is rancid and sour 
when it contains a large amount of free acid together with oxidation products 
of glycerine.” As a test for rancidity he proposes a 1 per cent solution of 
m. phenylendiamin. 

Scala 11 found am&nthylic aldehyde among other substances present in rancid 
olive oil, and assumes that this body gives the characteristic odor and taste 
termed “rancidity.” 

Biaitchiproposes, as a test for rancidity, to shake up a little of the oil in 
question with fuchsin-sulphurous acid, a violet-red color indicating rancidity. 

Brown* 0 uses this same test in the study of butter fat, and presumes that the 
rancid odor is due to acrolein. Various other tests for rancidity have been 
proposed, all depending on the presence of aldehydes. 

The most satisfactory, in my experience, is that with fuchsin-sul- 
phnrous acid, shaking up about equal parts of oil and reagent. Nearly 
all the samples of coconut oil prepared in this laboratory, after standing 
for several months, responded to this test, but they gave, not a violet red, 
as has been stated to be the case with other rancid oils, but a more or less 
blue coloration with only a slight tinge of red. The above review of the 
literature will demonstrate that the causes of rancidity are by no means 
clear. Certainly oenanthylic aldehyde has not an intensely disagreeable 
odor; acrolein has, but then it gives a red and not a blue color with 
fuchsin-sulphurous acid. 

ACTIVE OXYGEN IN COCONUT OIL WHICH. HAS BEEN STANDING. 

Another peculiarity of pure coconut oil is that, afteT it has been stand¬ 
ing exposed to light and air for a few months, it almost invariably 
contains active oxygen. Five cubic centimeters of sample “ A,” shaken 
in an Ehrlenmeyer flask with a mixture of 50 cubic centimeters of water, 
5 cubic centimeters glacial acetic acid, and 1 gram potassium iodide and 
allowed to stand for one hour, produced a deep-yellow coloration in the 

water solution, requiring 0.25 cubic centimeter sodium thiosulfate for 

decolorization. A blank test, with freshly prepared oil, remained per¬ 
fectly colorless during the same time. A simple way of performing this 
test is to saturate a strip of starch iodide paper with the oil in question, 

1T A. Schmid: Zur Prilfung der Fette auf Ranzidit&t. Z, Anal. Ch. (1001), 37, 
301. 

10 Alberto Scala: 8taa. sper . Agrur. ital , 30, 613, Centrbl. (1898), 439. 

"Centrbl. (1898), II, 948. 

»Brown: The Chemistry of Butter Fat. Jour . Amer. Chem . Soc, (1809), 21, 
975. 
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place it on a glass plate, and carefully add one drop of 10 per cent acetic 
acid. When old oil is used, a blue ring appears around the drop of acid in 
from one to five hours, whereas a freshly prepared sample Temains un- 
colored for twenty-four hours or more, provided the test paper is kept 
under a bell jar to exclude laboratory fumes. This reaction is at least as 
delicate as any of the tests for rancidity based on the presence of aldehyde. 
Whether it is given by other rancid oils can not be stated at present, for I 
have as yet failed to find in the chemical literature any mention of such 
oxidizing substances in oil. The following is a table showing the reaction 
of our samples of coconut oil with fuchsin-sulphurous acid and with 
starch iodide, together with their age and acidity at the time of testing. 
For the previous history of these oils, see page 
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.In examining this table it will be noticed that in almost every case a 
distinct blue color with SchifPs reagent is accompanied by a positive test 
for peroxide, and, in the two cases where a red coloration predominates, 
the peroxide test is negative. The strongest tests for both peroxide and 
aldehyde were given by samples A and It—two very pure oils—while, 
contrary to our expectations, the commercial oils as a rule either failed to 
respond entirely or gave very weak tests, though they were infinitely 
worse than the pure samples in every other particular. The only change 
noticeable in samples A and B, on standing, was the development of a 
peculiar, pungent, “strong” odor and a slight burning “after taste;” other¬ 
wise they were practically the same as when freshly prepared. Just what 
this “strong” odor in pure oils is caused by can not at present be stated, 
although the subject is now being investigated, it can hardly be caused 
by either cenanthol or acrolein, as both these substances, when mixed 
with oil, give a red and not a blue color with SchifPs reagent. Glycerine 
aldehyde 11 under certain conditions produces a blue-red coloration with 
this test, but it has no o’dor. However, the process by which this change 
is produced is undoubtedly due to direct oxidation by light and air, since 
bacterial or mold action may be excluded in the case of a pure oil. That it 
is largely a surface action is indicated by the facts that (1) samples A 
and B, which were kept in large bottles, about half full, have deteriorated 
in five months to a much greater extent than have other samples of pure 
oil which were kept in small, nearly full bottles for over a year; (2) both 
the aldehyde and peroxide tests were given by samples of fresh oil which 
were exposed to the air on strips of filter paper for one or two w r eeks; 28 
(3) the same effect can be produced by treating fresh oil with platinum 
black for a few hours, or by heating it, exposed in a thin layer, to 100° 
for ten or twelve hours. 

A possible explanation of this production of rancidity in pure oils is 
that a small percentage of fatty acid is oxidized to an oxyacid, which in 
turn forms a lactone, and (assuming the formation of hydrogen peroxide) 
the latter would give rise to a pcracid, which, in turn, would oxidize the 
free glycerine to an aldehyde. The absence of peroxide and, as a rule, of 
aldehyde in commercial coconut oils, or in those purposely subjected to 
the action of micro-organisms, may be due to the presence of sugars and 
other reducing substances commoply present in the impure oils, or to the 
fact that the glycerine set free by mold action is completely oxidized to 
carbon dioxide and water. The nonexistence of free glycerine; in highly 
rancid fats has been noted by Sparth 2 * and other observers. This ques¬ 
tion of the products arising from the oxidation of pure coconut oil by air 
is now being taken up more thoroughly, and the results will be published 
in a later paper. However, from a commercial point of view, it is of 

*' E. Fischer u. Tafcl. Bvr. d. Chew. Gcttcll. (1887), 20, 3384. 

512 Freer & Novy: AOhein. »/. (1002), 27, 101. 

*»//. Anal. r/1. (18WI), 35, 471. 
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comparatively little importance, when one considers the marked deteriora¬ 
tion produced by. micro-organisms acting on copra and impure oil. If 
stored in nearly air-tight containers very little if any oxidation should 
take place even on long standing or on transportation. The main points 
to remember are that the copra from which oil is made should be fresh 
and be prepared under as good conditions of drying as possible and the oil 
should be thoroughly dried and filtered until absolutely clear. If properly 
prepared, it should then be capable of shipment without noticeable dete¬ 
rioration. It is obvious that the best results will be obtained by express¬ 
ing the oil in the country in which copra is dried, and by using the best 
machinery for preparing the latter. 

SUMMARY. 

Soil .—In attempting by means of soil analyses to explain why coconut 
trees growing near the seashore are more prolific than those planted 
farther inland, it was observed that— 

(1) Chemically, there is very little difference in soils from the two 
localities, those from inland regions being, if anything, a little more 
fertile. 

(2) The salt water from the sea lias no influence on trees in its vicinity, 
as only amounts of chlorine so small as to be negligible were found to be 
present even at the bases of coconut trees which were actually growing on 
the beach. 

(3) The greater porosity of soils near the sea, coupled with the fact 
that they are, as a rule, practically saturated with water at a distance of 
only a few feet beneath the surface of the ground, is the principal reason 
why they are more suitable for trees like the coconut, which require an 
enormous quantity of water for their growth. 

(4) Although good coconut soils are apparently almost devoid of fertil¬ 
ity, yet, taking into account the character of coconut roots and the large 
area from which each tree draws nourishment, it can be demonstrated 
that there exists an ample supply of nutriment for their growth. 

The nut; age in reference to quality .—(1) The variations among in¬ 
dividual nuts is sufficiently great to render exact conclusions from analyt¬ 
ical data difficult, but, taking the average of a number of determinations, 
there appears to be a slight increase in the proportion of meat, copra, and 
oil in nuts which have been stored up to a maximum time of three months 
after cutting. Beyond this period there is a decided decrease in these 
constituents. Nuts taken from the same tree show somewhat less indi¬ 
vidual variation. 

(2) Four series of ten nuts each, of varying degrees of ripeness, showed 
a marked difference in the amount of copra and of oil to be obtainable 
from them, the percentage of the oil in a green nut being only about 
one-half of that which it is when the nut is fully ripe. This ripening 
process continues to some extent, on storage, aftor cutting. 
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(3) Analyses of coconuts from the same locality, but having husks of 
different color, prove that the color of a nut has very little if any influence 
on its composition. 

(4) The difference between trees near the seashore and those farther 
inland is solely in the quantity, not in the quality, of nuts which they 
produce, coconuts from inland regions averaging fully as well as those 
from the beach. This fact; is shown both by analyses and by practical 
tests on a large scale. 

(5) Analyses were made of twenty ripe coconuts from Davao, Minda¬ 
nao, and they were found to have very much the same proportion of the 
various constituents and to give the same total yield of oil as the average 
lot of ripe nuts from San Ramon. 

(6) Coconut oil is generally stated to have a great tendency to become 
rancid, but all the experiments made in this laboratory show that, when 
once prepared in a pure state, its keeping qualities arc equal if not 
superior to those of most, other vegetable fats and oils. This popular 
fallacy in regard to coconut oil probably arose from the inability or 
disinclination on the part of most observers to procure pure samples, as 
the commercial product unquestionably has a high acid value and a bad 
odor, and deteriorates with fair rapidity, this change being greater as a 
rule the greater the initial acidity of the oil. 

(7) Most of the free acid and the accompanying bad odor and taste 
is produced in the copra itself before the oil has been expressed. The 
oil from a sample of copra which had been cut into fine pieces and exposed 
to moist air for one month increased in acidity from 1.5 to 23.3 per cent. 

(8) The hydrolysis and subsequent destruction of fat in copra is 
brought about by molds (the greater part of which are Aspergilli), acting 
either alone or in symbiosis with certain bacteria, the condition most 
favorable to this growth being a moderately high, constant temperature 
and a water content of from about 9 to 17 per cent. No organisms were 
found growing on a sample containing 4.70 per cent of moisture and no 
change in acidity took place. Samples containing from 23 to 50 per 
cent of water were infested by several species of bacteria which subsisted 
on the nonfatty portion of the copra but produced very little free acid 
from the oil. No molds were found in these samples. 

(9) Ordinarily, commercial copra contains from 9 to 12 per cent of 
moisture, a vory favorable condition for mold growth. The remedy for 
this rapid deterioration is simply to dry it so that it contains not more 
than 5 per cent of moisture, and express the oil as soon as possible, avoid¬ 
ing long storage in a warm, moist atmosphere. 

Drying.— By comparing the various methods of copra drying, a hot¬ 
air apparatus, either rotary or stationary, was found to be the most 
efficient. It is suggested that a combination of centrifugal with hot-air 
drying might prove of considerable value, provided a market could be 
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obtained for the by-product, “coconut cream/’ Vacuum drying ia not of 
great value in the desiccation of coconuts for oil-making purposes. 

(10) Although a pure coconut oil is not a suitable medium for a growth 
of micro-organisms, one containing a sufficient amount of nutrient matter 
and moisture may, under certain conditions, develop a growth of mold 
which rapidly attacks the oil itself. A sample of pure oil to which had 
been added 1 per cent of “latic” and 1 per cent of water increased in 
acidity from 0.10 per cent to 8.63 per cent on standing exposed to mold 
action in an incubator for one week. 

The very slight increase in acidity which a pure oil suffers on long 
standing is probably due to simple hydrolysis by heat and moisture. 

(11) Besides the production of free acid by molds and the decomposi¬ 
tion of albumen by bacteria in moist copra and in impure oils, one other 
factor enters into the deterioration of coconut oil. Many samples on 
long standing develop a slight but noticeably acrid taste and odor, with¬ 
out any marked increase in acidity. Such oils invariably give a blue 
coloration with Schiff’s aldehyde reagent, reduce silver nitrate in Becchi’s 
test for cotton-seed oil, and possess the power of liberating iodine 
from potassium iodide/ 4 This process is shown to be a direct oxidation 
by the air and to depend largely upon the amount of surface exposed. 
Other conditions favoring it are freedom from moisture and impurities, 
as is shown by the fact that impure commercial oils, or those which 
have been acted upon by mold, do not, as a rule, respond to tests for 
peroxide and aldehyde, while the most marked development of these bodies 
is noticed in the purest oils. 

(12) The action of light and air on coconut oil is of relatively little 
importance in comparison with the great changes produced by mold 
growth, and it can be prevented in a large degree by keeping oil receptacles 
as nearly full as possible, so as to reduce the amount of surface exposed. 

* Since writing the above 1 find that L. Legler [Pharm. Ccntr.-U . (1904), 45, 
839] has noticed the same phenomenon in oxidised lard. As a test for active 
oxygen he proposes to shake the sample with a solution of neutral lead acetate 
and a few drops of ammonia. A yellow coloration, due to the formation of 
hydrated lead peroxide, indicates the presence of oxygen. 1 have applied this test 
to old coconut oils and find that, with highly oxidised samples, it gives a strong 
coloration, but it is not as delicate as the simple reaction with potassium iodide. 
To the presence of active oxygen Legler attributes the reduction of silver nitrate 
in Becchi’s test given by samples of oxidized lard entirely free from cotton-seed 
oil. I have observed the same fact when applying Becchi’s test to pure, but 
oxidized, samples of coconut oil, but considered it more logical to attribute the 
reduction to aldehyde-like bodies present in the oil, rather than to the active 
oxygen. 



THE PRINCIPAL INSECTS INJURIOUS TO THE COCONUT 

PALM (PART I). 


By Ohakijcs S. Banks. 

(From the Entomological Section, Biological Laboratory, Bureau of Science .) 


Among commercially valuable trees, few are attacked by as small a 
number of insect pests as the coconut (Cocos nucifera L.); but, on the 
other hand, the destructive action of this limited number is very great. 

The trunk of the coconut docs not have its important conducting tissues 
in or immediately under the bark, as is true of the cacao, the coffee, or 
the mango. For this reason, even though the tree were completely 
girdled, it would not be destroyed, as would be the case with the plants 
above mentioned. On the other hand, insects attacking the growing point 
would soon kill this part, after which the remainder would speedily die, 
and, in fact, this result is the one which almost always is encountered. 
Certain insects enter the crown and destroy it; shortly afterwards, the 
leaves turn yellow, the fruits, if any are present, drop off, and the tree 
eventually dies. It is therefore clear that any method which prevents 
attacks of this kind will preserve the life of the tree. 

This paper will treat of some of the most important of the insects 
destructive to the coconut which have been identified, while those the 
habits and life histories of which arc known but the determination of 
which has not yet been made will he a subject for further study. The 
observations upon the habits and life histories have been made both in the 
laboratory and in the field. 1 wish to take this opportunity of thanking 
Mr. W. Schultze for his hearty cooperation in this work and for the 
illustrations which he has furnished. 

THE RHINOCEROS BEETLE. 

Oryctes Rhinoceros L. (Tagalog, Vang ). 

This insect belongs to the family Dynast id w, or that of the giant 
beetles, a group in which, from the standpoint of body weight, the largest 
of the beetle tribe arc found. This beetle is very common throughout 
the Philippine Archipelago and in other countries of the East (Ceylon, 
Java, India, etc.) wherever the coconut tree is encountered. All of the 
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species of the genus Oryctes apparently have the same predilection for 
the coconut and for similar palms. The presence of the rhinoceros beetle 
is indicated by the large, irregular holes in the trunks of the trees or at 
the bases of the largest petioles of the leaves of the coconut. These are 
made by the adult beetles and serve as a means of entrance for other 
insect pests, such as the Asiatic palm weevil, and also for the admission of 
moisture, which eventually causes the trunk to rot. The beetles’ attacks 
are confined to the soft tissues near the top of the tree, and holes seen in 
the trunk below this point date from the time when the growing apex 
was here located. 

No Oryctes has ever been found gnawing the hard, old wood of the 
trunk of the coconut; occasionally adult beetles are found in these old 
holes, which, however, are used only as a hiding place during the day. 
In some of them old cocoons which were constructed when the hole was 
at the crown of the tree are occasionally found, consisting of masses or 
bundles of fiber. These have been preserved in situ, because of the small 
size of the opening of the burrow. As time goes on, the old holes become 
enlarged through various agencies, particularly through erosion and decay 
caused by the entrance of water, so that these bundles of fiber finally 
become exposed. 

Life history and habits .—Like all other members of the family Dynas- 
tidae, Oryctes is a vegetable feeder. While it frequently occurs in heaps 
of decaying vegetation, the larvae appear to have the greatest liking for 
the soft, growing point of the coconut, which is the location from which 
new leaves, the flowers, and, subsequently, the fruit, obtain their nourish¬ 
ment. Therefore, any injury to this part of the tree immediately results 
in debilitating the whole plant and eventually in its death. The mode 
of attack most generally encountered is that in which the female has 
entered between the long stems or petioles of the outside leaves and those 
immediately subjacent, and then has eaten a hole into the outer side of 
the inner petioles, which are protected from the light by the external 
leaf stems. As this beetle shuns the light, its attacks always begin 
during the night, and by the following morning it will frequently have 
entered so far into the burrow as to be protected from the light. It 
then continues its feeding until a gallery of considerable size has been 
excavated. The habit of burrowing would seem to be not solely for the 
purpose of laying eggs but also in order to obtain nourishment, as nearly 
all of the members of this family feed in the adult stage. 

The egg .—I know of no record regarding the actual deposition of the 
egg, nor have I found it in any of the burrows from which the adult has 
been taken, but, by dissection of the females, the eggs have been obtained 
in considerable numbers. Just before being laid they are of a dark 
cream color and present a perfectly smooth texture. The microscope 
reveals a very delicate reticulation or punctuation of the surface. They 
are 3.5 millimeters long and 2 millimeters in diameter, being of a perfect 
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broad, ellipsoidal form. The structure of the ovipositor of the beetle leads 
one to infer that the egg is simply dropped by the female at any spot in 
the gallery, where it adheres to the side of the latter until the iarvse are 
hatched. In none of the females which I dissected were there more than 
seven or eight eggs of such a size as to indicate that they were about to 
be laid, so that the insect probably deposits not more than two dozen 
during its life. (PI. I, fig. 1.) 

The larva .—Length over dorsum when full grown, 112 millimeters; circum¬ 
ference, 18 to 20 millimeters; head, 12 millimeters long and 11 millimeters wide; 
feet, 0 millimeters in length. It is a very soft, fleshy grub, the skin of which is 
transversely doubled in numerous folds, so that it is very difficult to differentiate 
the body segments. The skin is of a dirty, light ocher, the surface being smooth 
in spots and in other parts covered with patches of very minute tubercles or 
spines, whieh give it the appearance of shagreen. The body is covered with 
numerous, very fine, golden or dull-whitish, curved hairs, which stand out nearly 
at right angles to the surface. The head is of a much darker color than the 
body and horny or chitinous in structure; it is hemispherical and so attached 
to the body that the mouth projects forward. At each side of the head, projecting 
downward and forward, is a slender, four-jointed antenna. The dark-brown, 
slender, toothed mandibles, half the length of the entire head, are so placed as 
to enable the insect to gnaw its way through the plant substance with great 
facility. The maxilla? are rather conspicuous and arc situated next to the 
mandibles on the under side of the head and on each side of the very inconspicuous 
lower lip or labium. The maxillary palpi are 4-jointed; those of the labrutn 2- 
jointed. The labrunf is transversely elliptical, the sides slightly covering the 
inner margins of the mandibles. The color of the labrum and that of the 
dypeus (the trapezoidal portion above the upper lip) is the same as that of 
the rest of the head. The mouth parts, with the exception of the tips of the 
mandibles, are covered with golden bristle-like hairs, which serve as tactile sense 
organs. 

This grub has no eyes. The top and front of the head, therefore, present an 
unbroken surface, which is somewhat shiny and covered with punctures, which 
are almost confluent; it is nearly destitute of hairs or bristles. (PI. T, fig. 2.) 

Each of the first 3 segments of the body posterior to the head bears a pair of 
legs. The first leg joint projects downward, while the succeeding ones are 
inclined outward and forward; the feet are armed with a single blunt claw 
and densely covered with light-brown bristle-like hairs, more thickly placed at 
the tips. 

The body is curved, so that the length of the ventrum is much less than that of 
the dorsum. It is folded or transversely corrugated so as to render it difficult to 
distinguish the 13 segments of whieh it is composed, this being the easier toward 
the anal extremity, where the folds are fewer. 

Beginning with the first thoracic segment and excepting the second and third, 
each remaining one to the eleventh bears a pair of dark-brown subcircular 
spiracles or openings to the tracheal or respiratory system. These spiracles are 
chitinous in structure and are comjioscd of nn outer broken ring of radiating 
lines and an inner nearly circular portion, which is the true opening. They 
may be opened or dosed at will. Their large size and great prominence is 
doubtless owing .to the fact that the insect lives rmlxKided in a mass of material 
in which the supply of oxygen is limited. 

The last throe segments of the grub's body are nearly smooth and only sparsely 
covered with hair, and in a living specimen the hinder end is semitransparent 
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and contains a dark mass of material, consisting of the partly digested cellulose 
fibers of the plant upon which the insect has fed. The anal opening occurs as a 
transverse slit at the extremity of the body. (PI. IV, fig. 1.) 

* Differences of opinion appear to have existed with reference to tlio 
destructiveness of the grub of Oryctcs. Blandford says: 

They are harmless, and live in heaps, of rotting vegetable matter or the 
manure-like inside of decayed palm trees. 

Both Mr. Schultze and I have discovered them in large numbers in coco¬ 
nut trees in which the “manure-like” material inside the trunks gave every 
evidence of having been made by the grubs themselves. One tree, felled 
in the town of Magdalena, Laguna Province, while still alive and to 
casual observation fairly healthy, was found to have an inverted cone eaten 
out at the crown, as shown by Plate III, fig. 1. This contained seven of 
the grubs of Oryctcs rhinoceros L. buried in the frass. There was a tun¬ 
nel, 3 centimeters in diameter, extending down from the apex of the cone 
for a distance of 90 centimeters through the heart of the tree, and at the 
bottom of this tunnel was a full-grown grub, which to all appearances had 
eaten its way to this point. Mr. Schultze observed in Pagsanjan a tree 
(PI. II) 5 meters high, the whole of the interior of which had been eaten 
out from its top to within a half meter of the ground, leaving a shell with 
a wall from 15 to 20 centimeters in thickness. Within this, at the lower 
part, was a mixture of water and decayed matter 50 centimeters deep, 
indicating that the work of Oryctcs and the Asiatic palm weevil, together 
with infiltration from the top, had been continuing for a considerable 
period of time. Within this rotting mass and at intervals up to the crown 
of the tree were found the fiber cocoons of 0. rhinoceros L., while from 
75 to 100 larvae of all sizes, from 5 millimeters to the full-grown grub, 
were removed. The.small number of weevils, the large number of Oryctcs 
larva! and pupae, and the general appearance of the interior of the tree 
furnished conclusive proofs that the work was that of the insect in ques¬ 
tion. Leaving these points aside and reasoning from the anatomy of the 
larva alone, it is evident that it could work in the wood of coconut with 
great case, since it is in every way fitted for burrowing there. If it lives 
only in manure heaps or in decaying matter, it would appear that there 
would be no necessity for such well-developed and powerful mandibles, 
nor would the head have to he of such hard material. It is true that these 
grubs are always encountered in the presence of decayed matter, either in 
the tree or in manure and other vegetable heaps, but, when found in the 
tree, it is probable that the decaying material is a result and not the cause 
of their presence. It is also true that we never cut into a tree until it 
shows unmistakable signs of insect attack or disease, and therefore do not 
see the work of the beetle at its incipieney. I have seen larvae one-quarter 
grown removed from the burrows made by the adults in small coconut 
trees, the leaves of which were pulled apart; and I have also observed the 
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removal of grub# with a piece of bent wire from young coconut trees, 
although at the time I did not examine the hole sufficiently to note the 
actual work of the larvm. 

However, it is not to be doubted that these same insects find a suitable 
place in heaps of decaying vegetable matter, as the grubs have been found 
in such locations in all stages of growth. In connection with this ques¬ 
tion, Father Stanton, formerly of the Manila Observatory, 1 makes the 
following observations: 

We have found several live pup® In a partly decayed stump of Pithecolohium 
taman that had been lying on an old wood pile for months; at another time wo 
discovered one in a neat oval earthen cell within a broken bottle lying in a heap 
of refuse near a stable; and on otic occasion, in a single heap of earth and 
manure, within a space of 1 cubic yard, wc gathered dozens of larv® in all 
stages of development from specimens 1 centimeter in length to those of 12 
centimeters just about to transform to pup® together with half a dozen pup® 
and as many perfect beetles with their elytra still rather soft, as though the 
insects had just emerged from the pupal envelope. In this latter case, at least, 
it appears quite evident that the whole cycle of the metamorphoses of the insect 
took place right in this small pile of manure or very near to it. For, as many 
of the larv® were very young, they could not well have migrated from the interior 
of a coconut or buri palm, seeing that there was not a single one of these trees 
in the whole neighborhood. It is evident then that O. rhinoceros does sometimes 
pass its whole larval and pupal existence in the midst of decayed or decaying 
organie matter, and consequently that the eggs are deposited in such situations. 
WhctheT they are also laid in the holes made by the female in the living tree 
is still to be ascertained, though from the fact that the grubs are sometimes 
found feeding in the heart of the tree high up near the crown it seems quite 
probable. 

He quotes Seiior Vicente Reyi**, of Santa Cruz, Laguna, who says: 

It is remarked that coconut trees with all the leaves fresh, with blossoms 
and fruit all in perfect condition, and without any apparent, cause, fall to the 
ground as though a hurricane had cut them down. On being examined it is 
found that from the roots up to the distance of a meter above the surface they 
are completely hollowed out, the whole interior having been converted into a 
mass of sawdust, and ensconced therein are a number of these worms, which have 
entered from the roots and worked upward, little by little, eating away and 
living upon the substance of the trunk itself. 

In every case where I have encountered Onjcles in trees, except in 
those which were completely hollow, the work evidently proceeded from 
above downward. Of course, in those which were hollow, the channels 
of the grubs were found along the inner surface of the shell of the tree, 
but the evidence thus exhibited was not conclusive as to whether the 
larva? had worked from above downward or the reverse. 

Father Stanton notes the finding of the larvae, pupa?, and adults of 
Oryctcs in manure and other decaying organic matter, but lie also says 
that he has not ascertained whether the eggs are laid in the holes made by 

1 Phil, 1 Veathci- Bur ., Bull., August (1903), 225. 
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tlie adult booties in the trees, adding that the fact that the* grub's are some¬ 
times found feeding in the heart of the tree high up near the crown 
makes it seem quite probable that the eggs are laid there also. Every 
evidence in my experience points to the great likelihood that they are 
laid in these holes.' 

When a tree which is so badly infested as to give external signs of 
debility is cut down, one usually finds larvae of all stages as well as pupoe. 
The question of the length of the life period of this insect is a difficult 
one to determine, but from examinations, such as it has been possible to 
make during the time the insects of coconut have been under special 
observation, I am led to believe that it varies from eighteen months to 
two years, according to the food conditions. These conditions are deter¬ 
mined largely by the size of the plant and the proportional number of 
insects in it. 

Pupa .—The pupa of a female measures about 60 millimeters in length and 
26 millimeters in-width. The distance over the back from the tip of the head 
to the hinder part of the body, which in the pupa is curved forward, is 65 mil¬ 
limeters. It is of a light ocher yellow, in certain lights presenting a bright 
satin sheen and in others a velvety appearance. The head, thorax, abdominal 
segments above and below, and the wings and legs ure all plainly visible, the 
anterior apex of the pupa, at a point corresponding with the top of the head 
in the adnlt insect, shows a small sharp knob or tubercle, which represents the 
horn of the full-grown beetle. A very flne golden pubescence, covering certain 
areas of the pupal body, causes its velvety appearance. The spiracles are placed 
similarly to those of the larva, but are almost hidden by the folds or wrinkles 
of the abdominal segments. On each side of the middle line of the back of the 
abdomen, transverse slits, very much like spiracles in appearance and undoubt¬ 
edly secondary breathing orifices, are seen. These occur between each two 
abdominal segments, beginning with the first and continuing to the seventh, 
inclusive. Between the seventh and eighth there is indication of their existence 
in an atrophied state. (PI. IV, fig. 2.) 

Cocoon .—The cocoon is composed of fibers of the coconut, wound transversely 
and rather compactly woven or matted together. It sometimes measures 100 
millimeters in length and 40 millimeters in diameter. When these insects live 
in rotting material or manure, the cocoon consists simply of an oval excavation, 
the interior being smoothed by the larva previous to its transformation. Unlike 
many pupa; of insects which feed in the interior of masses of material, this one 
bus no organs by means of which it may cut or push its way out of the cocoon 
at the moment of transformation to the adult. 

Adult.—The full-grown insect varies in length from 34 to 48 millimeters, 
according to the sex and the amount of nourishment taken in the larval stage, 
the average for the males being 44.2 millimeters and that for the females 37 
millimeters. They are of a very dark-brown, somewhat lighter beneath, and 
have a very glossy or shiny appearance. The most striking feature is the hojn 
on the fore part of the top of the head, this being much larger in the male than 
in the female. The head, thorax, and abdomen are easily distinguished. (PI. IV, 

Male.- The head, with the exception of the horn, is Irregular in form and 
subglobose; the front is strongly emarginate or sulcate. It is small in com¬ 
parison with the thorax and so concealed posteriorly by the thorax, into which 
it fits very snugly, that it appears to be. subtriangular from above, yhe eyes 
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*re black and shiny and so situated at the sides of the head as to lie half con- 
eealed by the anterior margin of the thorax. The anterior margin of the orbit 
is extended so as almost to cut the eye into upper and lower sections. The 
portion of the head at the base of the horn, which extends upward directly 
from the clypeus, is very densely pilose or setose, ns is also the frontal sulcus. 
The occiput has an emargination at each side of the median line; into these fit 
the strong tendons of the powerful muscles which move the head upward. The 
antennoi project from the under, outer margin of the head. They are composed 
of 11 segments, the apical 3 of which ure laminate; the first is swollen at the 
apex, is as long as the succeeding 7 together, and is very strongly pilose, the 
bristles being on its anterior, external surface (PI. 1, fig. 3). The ninth and 
eleventh segments arc also pilose at their outer margins and tips; the tenth, 
lying concealed between thorn, is Hinooth and blude-likc. The small, 4-jointed 
maxillary palpi lie just beneath the insertion of the antennw at. each side of the 
labium, which is suhquarirftte, with the anterior surface strongly swollen. Its 
lateral margins are strongly setose. The maxillie are laminate and hidden lie- 
tween the labium and the peculiarly shaped mandibles. They are strongly setose 
on their exterior margins. The 3 jointed labial palpi lie beneath or anterior to 
the maxillary palpi and are attached to the apical part of the lateral margin of 
the labium. 

The moBt peculiar feature of these insects, which has hitherto been linnum- 
tioned in the literature on the habits of the adult, is the special form uml 
function of the mandibles. In the general description of the genus to which 
this insect belongs, the statement is made that “the mandibles arc prominent 
and sometimes toothed externally.” In the rhinoceros beetle tlm external tooth 
of the mandible is curved upward and forward and has the form of the. cutting 
edge of a Tionconcttve gouge. These teeth, one on each side of the head, are by 
their construction and that of the surrounding parts well adapted for chiseling 
out the wood of the tree. (PI. J, fig. 4.) 

The shape and position of (lie external mandibular teeth, (lie form of tin 1 
nicntiini, or chin, which is rounded and curved vertically, and which fits into a 
groove having a like form, in the anterior margin of the prof borax, together with 
the strong, well-attached muscles at the back of the head, prove conclusively that 
the insect, instead of gnawing its way into the tree, chisels into it by an up- 
and-down motion of the head, and it is my belief, for reasons to be given later, 
that no part of the wood is taken into the body. 

The horn of the male is 10 millimeters in length and 4 millimeters in width 
at its base, tapering gradually to 1 millimeter at the tip, which in many speci¬ 
mens appears as if worn off and repolisliod. It. is sparsely punctured, these 
punctures being fewer toward the tip. 

Thorax .—The pronotum occupies about one-third of the length of the insect 
on the dorsum, is roughly subcircular in general outline, narrower anteriorly, 
having the margins somewhat reflexed. The anterior two-thirds shows a large, 
shallow depression, the surface of which is transversely or concentrically strio- 
punctate, and at the posterior margin of which are two rather inconspicuous 
tubercles, almost coalescing. On each side and in the forward angle of the 
pronotum there is an irregular depression, posterior to which and extending 
narrowly around the posterior margin of the main depression, is another paren¬ 
thesis-shaped one, broader anteriorly and having its surface roughly rugose. A 
line of submarginal punctures extends around the pronotum. (PI. 1, figs. 6 
and 6.) 

Elytra .—At the base, the wing covers are as wide as the thorax, the surface 
at the outer basal angles being quite Binooth. On each elytron are four lines, 
one of which is subsutural, extending from base to apex. The external ones are 


18151-8 



150 


very indistinct toward the apex. The part between these lines is coarsely punc¬ 
tured, the punctures being regular on each side of the three external lines and 
on the exterior of the subsutural ones. The triangular scu tell uni, between the 
bases of the elytra, is smooth at its apex. There is a triangular rugose or coarsely 
irrorated area at its base. 

The under surface of the thorax is of a chestnut brown; it is highly polished 
on the areas against which the legs move and strongly punctured on other exposed 
parts, the punctures having a sparse pile of light-brown bristles. 

Legs .—The femora are uniform in size and smooth, each with 1 row of setose 
punctures nearer the posterior ventral margin. The tibice are nearly similar 
in shape and size, bearing externally 3 rather prominent teeth. The fore tibia* 
in addition, have an internal and external apical one. The mid and hind tibia 
have each 1 internal and 2 external apical teeth, armed with a row of smaller 
secondary ones, and all are coarsely punctured. All the tarsi are of about the 
same shape and size, except that the last joints of the anterior ones are slightly 
longer than the others, and the first of the mid and hind tarsi are subeonical 
and slightly larger than the succeeding ones. All tarsal joints are setose or 
spinose at their apices. 

Abdomen .—The dorsal abdominal segments are hidden by the elytra; the 6 
visible ventral ones are smooth, except for very sparse punctures and n subapical 
row of setose punctures on each. There is a tuft of brown hairs at the anal slit. 
The hinder exposed part of the a Mom on is rounded, smooth, shiny, and sparsely 
punctured. The elytra do not cover the last 2 dorsal segments. 

The principal differences between the female and the male are that the former 
is much smaller and its horn may be a mere tubercle, or, at best, not more than 
one-fonrth as long as that of the male. The depression on the pronotmn extends 
hack less than halfway; the posterior lateral rugose areas are somewhat broader. 
(PI. I, figs. 5, 0). The last ventral abdominal segment of the female differs 
from that of the male, in that in the former it is rounded and covered with bristly 
hairs, while in the latter it is markedly eniarginate. The ventrum of the abdo¬ 
men of the female is rather densely covered in transverse rows with bristles, 
except along the apical margins of the segments. The posterior part of the 
pygidium is also densely hairy. Both sexes have on all the thoracic joints, as well 
as at the articulation of the head with the thorax, a fringe of bristles closely 
applied to the surface upon which the part is attached to prevent the entrance of 
foreign matter between the sutures. 

Method of operation of the adult .—The method of attack of the adult 
insect was formerly believed to consist in its gnawing into the plant for 
the purpose of feeding upon the soft tissues inside, its eggs not being laid 
in the tree. This view is partly incorrect. Observation has shown that 
the males make burrows, as well as the females, and it is probable that 
they always accompany the latter at the time of egg-laying, retreating 
from the burrow they have made to allow the female access. Dissection 
demonstrates that the stomach of the insect contains no masticated fiber; 
on the contrary, it is filled with a dark, amber-colored liquid; nor are 
there any fiber colls found in the excreta. The proventriculus or gizzard 
of the insect is not provided with walls for grinding and the mandibles 
are constructed somewhat like the parts of a cane mill through which the 
sugar cane passes in expressing the juice, except that their surface is cor¬ 
rugated, the elevations of the one fitting into the depressions of the other. 
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The (esophagus is not more than 1 millimeter in diameter. The insect 
begins the process of separating the fibers of the tree by means of its 
chisel-like teeth. The rapidity with which a beetle can work is shown by 
the fact that within half an hour it will have entered a fourth of its own 
length into the plant tissue, and when once it is enabled to brace its 
strong-spined legs against the walls of the burrow its progress is accel¬ 
erated. The heart of the tree is its objective point. 

On Plate V are shown sucecHaive layers of leaf petiole* at the heart with the 
burrow of an adult which finally reached the center. Figs. 1, 2, 3, and 4, respec¬ 
tively, show the pieces from outside, inward. 

An examination of the fibers as soon as they are cut by the beetle dem¬ 
onstrates them to be almost dry, which renders it more probable that the 
purpose for which they are taken into the mandibles is solely to extract 
their juice, after which they are expelled from the mouth. Plate V, fig. 4, 
shows the heart of the coconut tree with a beetle at work. The bits of 
tissue which have been chiseled off can plainly he seen. Tn less than ten 
minutes the insect had burrowed into the soft substance for a distance of 
10 millimeters. Plate ill, fig. 2, shows the initial work of a beetle in a 
leaf petiole. 

The beetles fly only at night ; in the daytime they are readily found in 
their burrows. Their wings are quite large* and the wing muscles in the 
thorax are strong and adapted for the flight of such heavy, unwieldy 
insects. Tn the interspaces between the intestines and the reproductive 
organs the abdomen is filled with air sacs and tracheae. 

Extent and character of damage done. -It is rare to find a single coco¬ 
nut tree anywhere in the Philippines which does not show 7 one or more 
evidences of attack by this beetle. It is the pest most frequently reported 
by farmers and coconut growers, and in hundreds of trees which I have 
personally examined large holes .in the trunk, distorted leaf steins, or rag¬ 
ged leaves demonstrate the character of its work. The insect larva or the 
adult, in its work inside the tree, frequently cuts off the tip of the embryo 
leaf or the tips of the leaflets on one or both sides of the midrib, so that 
when the leaf finally grows it appears as if it had been trimmed w r ith a 
pair of shears or as if a triangle had been cut from one or both sides. 
The fibers severed by the insect protrude from its burrow, giving the latter 
a ragged appearance. During the daytime the beetles arc frequently 
encountered in very old holes, into which they evidently have gone for 
the purpose of hiding. They have never been seen further to excavate 
these old cavities. The openings which are made serve to allow rain 
water to enter the tree, where it causes a most rapid decay of the interior, 
and they also serve as an entrance for other insects quite as destructive 
as the coconut beetle. 

Distribution.—Oryctcs rhinoceros L. is probably tropicopolitan, being 
found in Honduras, India, Ceylon, Java, the Philippines, Celebes, Borneo 
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and Sumatra, and recorded os coming from Africa. It undoubtedly 
thrives well wherever the coconut is grown. 

Dr. Koningsbergcr, of Buitenzorg, Java, says: “The well-known coco¬ 
nut beetle O. rhinoceros L. is one of the most terrible enemies of coconut 
culture.” And if this be the case in Java, where cultural methods have 
been in vogue for so many years, it is probably much timer in the 
Philippines. 

Preventive and remedial measures .—The question of controlling the 
ravages of this insect is a difficult one. It would appear that trees 
growing to such a height as the coconut and having so few parts would 
not be seriously affected by a rank growth of weeds or underbrush or by a 
lack of cleanliness in their surroundings, but this is certainly not the 
case. It has already been stated that the larvae of the coconut beetle grow 
in manure and rotting vegetable heaps and also thrive in rotten or 
rotting coconut trees, their abundance appearing to be in direct ratio to 
the degree of decay which the tree has attained. Mr. Schultze has taken 
as many as a hundred larva? of all sizes from the decayed shell of a 
coconut trunk. I have invariably found them in great abundance in 
such situations. It is obvious that these sources of infection for healthy 
trees must be removed. The first thing to do in coming into possession 
of a coconut grove or in planting a new one is thoroughly to clean the 
ground. All manure heaps, rubbish, rotting or fallen trees should be 
removed and destroyed at once. The manure should be scattered where 
it will serve the best purpose as a fertilizer, and in such a manner as to 
make it impossible for the grubs to find lodgment in it. Rubbish heaps 
and decayed trunks, if fallen, should be burned; if standing, should be 
cut down and burned. The residue can easily be returned to the soil as 
fertilizer. 

Growers should not remove the dead leaves from their trees to such 
an extent as to leave the young and still tender petioles or leaf stems 
entirely exposed, thus inviting attack by the adult beetles. These leaf 
stems have a thorough natural protection by being wrapped in a woven 
fiber, the old stems remaining upon the tree until the new ones arc fully 
grown. When the living leaf stems are cut off a foot or two from their 
union with the trunk, the sap running out offers an attraction to beetles 
which might otherwise not attack the tree. Stanford discusses this 
danger as follows: 2 

“The trees should be left, as far as possible, in the natural state, and unnecessary 
trimming either of fronds or of the fiber avoided. It may be necessary to tie up 
the older fronds, and, if they must be removed, the stalk should be cut through 
sufficiently far from the stem to leave the sheathing base intact. It may be 
advisable to tar the cut stump if it is found to attract beetles. The value of 
leaving the trees alone is shown by a passage in Ferguson’s All about the Oooo-nut 
Palm, which is also quoted by Ridley: ‘Scores of instances might be recorded 
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where,, till the trees were come into bearing, a red beetle was never seen, but no 
sooner was the land cleared and the trees trimmed than it made its appearance 
and became very destructive. On one property the trimming system had been 
carried oil for years, till, indeed, more than one-third of the original plants 
perished, before the estate was 10 years old, and they were going at the rate of 
three trees weekly. The work of trimming was stopped for the reasons offered 
above; the lc s of the trees continued for some time afterwards, but at the end 
of six months it had entirely ceased. On another property beetle men had been 
employed for ten years, and trees were being constantly lost; from the day that 
the beetlers were discontinued two trees perished within a month, and not another 
was lost in the subsequent seven years.* And W. B. L. writes in the Tropical 
Agriculturist to the same effect: ‘The red beetle ( Rhynchophorus fenugineus) 
can not penetrate the leaf imbrication, and, when the older ones decay in the 
course of nature, the stem bus become too bard for its operations. A tree here 
and there may be lost from an accidental wound or from some defect in tlie 
fitting of the leaf sheaths, but it is only where the good taste of the planter has 
impelled him to trim the leaves that any serious damage has lieen done to a 
field. All the leaves should be left on the tree till nature disposes of them at 
her own time and in her own way. Nothing that can be done to n coconut tree 
above ground can be anything but injurious.* 

“All wounds, whether made by accident or by insects, on the soft part of the 
stem, leaf sheaths, or spike should be at once dressed with a dab of tar mixed 
with fine sand. Holes should be probed with a “beetle spear** or hooked wire to 
extract insects which may have caused them and then plugged with a tuft of 
fiber or dry grass dipped in tar.** 

Obviously, no tree should be condemned until a careful and thorough 
inspection makes it certain that it is beyond hope of recovery and that it 
can bear no more fruit. It has l>een suggested by certain writers that a 
good plan is to cut such felled trees open, leaving them on the ground to 
attract beetles which would otherwise fly to the healthy trees; but I am 
of the opinion that the less material of this kind there is in the orchard 
the less is the liability of attack incurred by the hearing individuals. If 
there are no wounds or vulnerable spots in the trees themselves, and if 
nothing remains on the premises to attract this beetle and others, the 
loss will be the danger. The dead leaves should be allowed to fall in the 
natural course of growth and care should be taken not, to mutilate the 
trees. However, in most instances the beetles already have invaded the 
plantations and the serious problem is how to rid these places of them 
and to prevent their reentrance. Of course*, frequent inspections are neces¬ 
sary, so as to detect invasions at the earliest possible moment, because, 
as the coconut beetles hide in their burrows during the day, it is com¬ 
paratively easy to destroy them if they are .noticed in time. When they 
are discovered, a long, hooked steel wire can be thrust into the burrow, 
given a half turn to engage the insect upon its point, and then drawn 
out. This operation requires some practice, as the beetle is well armored 
with a smooth coat and has few projections upon the body. Dr. Konings- 
berger suggests crushing the insect aud leaving it in the burrow as an 
obstacle to the entrance of others ; but this is not to be recommended in 
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the Philippines, because the dead material would be sure to attract ants, 
which in turn would draw other insects, such as white ants (anay) and 
serious complications might arise. When the insect has been killed and 
removed, it is essential to plug the hole with some substance which will 
prevent further attacks at that point. For this purpose various substances 
have been recommended, for example: tar and fine sand, plaster and 
sand, day and tar, or, in place of clay, plaster or cement. This mixture 
should be forced into the holes as far as possible, because it then will act 
as a deterrent to the decay caused by the entrance of moisture subsequent 
to attacks of the beetle, while effectually closing an avenue of entrance 
for others. Another remedy is to use a paste of Paris green and flour, 
mixed with 10 or 12 gallons of water, and sprayed into the crown of the 
tret*. This method would offer difficulties when tall trees are to be dealt 
with, owing to the impracticability of getting the spray to the right 
places. The Filipinos use various remedies, such as sand and coarse 
salt, which they place in the crown of the tree. They state that the sand 
gets between the articulations of the head and thorax of the beetle, where 
the constant friction sets up an irritation which eventually punctures the 
soft tissues, after which the insect dies. This may be true. There is 
a constant movement of the head and of the thorax, while the beetle is 
working its way into the tree, and although the articulations are protected, 
as explained above, by a fringe of closely fitting bristles, it is possible that 
fine sand might enter as suggested and thus seriously handicap the beetle 
in its boring operations, if not eventually killing it. 

1 have been assured by a gentleman who is one of the most successful 
farmers in the Islands that natives on his plantation pour urine into the 
crown of the affected coconut trees and that this method effectually rids 
them of the pest. This is certainly not impossible. 

ASIATIC PALM WEEVIL. 

Hhynrhophorus ferrugineus Fulir. 

“Jt has been observed that coconut palms, the green leaves, blossoms, 
und fruits of which appear in perfect condition, fall to the ground, with¬ 
out having any signs of decay, as though struck by a hurricane. In such 
instances it has been noted that (the trees) from the roots up to a meter 
in height, are completely undermined, the interior pulverized like sawdust 
and filled with nests of these worms, which have gained entrance through 
the roots and gnawed their way upward, deriving maintenance from the 
trunk.” 8 

The gravity of the attacks of the Asiatic palm weevil is well summed up 
in the foregoing extract, for, while the condition referred to is not gen¬ 
erally reported from all parts of the Islands, there is every reason to 

* Extract of translation of a communication from Seftor Vicente P. Kayes, of 
Santa Cruz, laguna, with reference to H. fvrrugineus Fabr. 
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believe that in general the depredations of the beetle are no less serious in 
their ultimate effects than in the cases reported from the Provinces of La¬ 
guna and Tayabas, in which regions Senor Reyes has seen the damage to 
which he has made reference. I visited Magdalena, Province of Laguna, 
which lies in a fairly productive coconut region, and have found condi¬ 
tions closely resembling those set forth above, except that only a very 
few trees has actually fallen. In most instances where this had occurred 
the stumps had been cut off rather close to the ground during the previous 
year, and hence we found little material at hand upon which to work. 
However, we were convinced that the menace to coconut growing from 
this insect is fully as serious as, if not more so than, that occasioned by 
the attacks of Oryctes rhinoceros L. 

This weevil enters the tree through the smallest wounds, leaving no 
external trace of its work, so that all its ravages are committed where 
not suspected; hence it is an extremely difficult enemy to combat. 

The Asiatic palm weevil belongs to a group the members of which are, 
almost without exception, destructive to vegetable substances, either 
living or in the form of stored products, such as grains, beans, pease, 
and nuts. The beetle under discussion is one of the largest of its kind. 
The rice weevil is not more than 5 to G millimeters long; the corn weevil, 
Calandra oryza Linn., is slightly larger; the boll weevil, Anthonomus 
fjrandis Boh., which is at present proving so serious a menace to cotton 
growing in the United States, measures about 5 millimeters in length; 
the plum curculio, Conolrachelus nenuphar Hbst., a weevil, is 6 millime¬ 
ters long; while there is another species attacking the coconut which 
measures 13 millimeters. The Asiatic palm weevil measures 35 milli¬ 
meters in length. The form is strikingly characteristic in all individuals 
of this group. The most prominent features arc an oblong, oval-shaped 
body and a long, slender, curved snout or bill, to which are attached the 
antennae, either near the base or the tip. The colors vary from black to 
light brown or red, but are usually obscure. 

The larvae are legless, with a head of chitinous or horny structure, 
usually darker than the body and having two strong mandibles well 
adapted to gnawing the hardest vegetable substances. The Asiatic palm 
weevil has never been seen to make a primary attack upon the hard 
wood of the coconut; wherever it has been observed, it has utilized the 
holes made by Oryctes , wounds carelessly made around the base of the 
tree, or the steps cut into the sides of it by the tuba gatherers. Wherever 
the hard bark is broken and the softer parts beneath exposed, excellent 
places for the laying of the eggs are found and the beetle often makes a 
hole 10 millimeters deep before depositing them. The character of the 
hole and the tracks of the larvae after hatching are shown diagrarnmati- 
cally in Plate VI, fig. 4. In laying their eggs in the burrows made by 
Oryctes , the palm weevils undoubtedly make no appreciable hole, simply 
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forcing the egg a short distance into the soft material in which the 
burrow lies. 

Egg, .The egg is slender, 2.4 millimeters long and 0.0 millimeter wide at the 

middle, slightly more pointed at one and than at the other, and of a very light 
ocher. The shell appears perfectly smooth and shiny, but when examined under 
the microscope the surface is seen to be finely reticulated. (PI. VI, figs. 1 
and 1 b.) 

Larva ,—The larva does not vary essentially in general characteristics from the 
time of hatching until it is fully developed. Full grown, it measures from 35 to 53 
millimeters in length and from 18 to 22 millimeters in diameter. The greatest 
diameter is slightly behind the middle. The hinder part of the body forms a 
concavo-convex extension, a blunt spoon or scoop-shaped organ. 

The head is from 10 to 12 millimeters long and 7.5 to 8 millimeters wide. 
Seen from above, it is of a regular oval outline. It is of a dark-chestnut brown, 
with a slight reddish tinge, and with a lighter median and 2 submedian narrow 
stripes marking the sutures. (PI. VI, fig. 2.) 

The space around the mouth parts and the latter themselves are of a dark 
brown, with the exception of the upper lip and clypeus, which are lighter. The 
triangular portion of the heud, immediately above the mouth, is transversely 
rugose, with a longitudinal furrow on each side of its middle. The remainder, 
including the cheeks and occiput, is engraved with very shallow reticulations, 
giving the appearance of a piece of alligator skin in miniature. The smooth, 
dark-brown, suhtriungiilar, rather blunt mandibles are exposed on each side of the 
mouth; the upper lip, or labnun, lying l>etween them, and reaching nearly to 
their tips, is provided with numerous bristle-like hairs. The larva lias no 
antenna*, but the maxillary and labial palpi are well developed and doubtless serve 
as feelers. It Ims no eyes. The underlip, or labium, is suhlriavigtilar and rather 
small, but quite fleshy; the palpi project conspicuously from each side of its tip. 
(PI. VI, flg. 3.) Jt is supposed that the surface of ull these organs is highly 
sensitive and that the insect can tell desirable food by touch. The head shows 
erect lmirs placed at regular intervals, 5 on each side of the top and 3 back of 
each mandible. Portions of the front of the head, and the mandibles, appear as 
if having been rubbed off by friction with the substance in which the larva lives, 
so that these parts have a dull, almost black or matte appearance. 

The boily is composed of a series of 13 rings very much folded and wrinkled, 
the surface lading of a smooth, velvety texture, except in certain s|H)ts, which are 
decidedly shiny. On the liack of the first segment appear 2 transverse, oblong 
patches of a darker color than the remainder of the body, with a surface similar 
to that of the head and serving as a protection to the unimal in its movements in 
the small galleries in wliieh it works. There are similar lighter ureas at. the 
sides of the first 3, or thoracic, segments, which are somewhat swollen and serve 
in lieu of legs*, Scattered over the entire surface are tiny, circular or irregular 
shiny areas, from each of which arises a small curved bristle. On next to the 
last segment of the body, dorsully situated, are also irregular shiny patches, each 
with 0 bristles. The last segment has the upper surface concave, and the lower 
convex; the posterior margin, which is slightly darker than the rest and smooth 
and shiny, is flattened out and has four prominences, from each of which project 
two rather long bristles. The spots from which they project are lighter in color. 
The wrinkles of the body are nearly symmetrical. (PI. VII, fig. 1.) The body 
curves downward, so that the back is very convex, while the underside is some¬ 
what concave, except just hack of the middle, where it is convex, then suddenly 
tapering to the tip. 
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This grub works its way forward through its burrows by a combination 
of twisting and undulating motions. In this it is aided by the tubercular 
enlargements on the thoracic segments. The hind end appears to offer no 
help in this respect. It can enter from any opining through which the 
head will pass. The bristles on the head serve as guides for the insect in 
passing through holes. When placed upon a level surface, the grub moves 
slightly sidewise, almost always upon its side, and can thus make fairly 
rapid progress. 

The breathing apparatus in It. ferruyineus Mr. consists of only two pairs of 
spiracles which are well developed, the others twin# almost rudimentary. Each 
of the first pair is situated laterally on the first thoracic segment, and twice its 
own length below the shiny, transverse, shield-like areas, and the second pair just 
above the spoon-shaped excavation of the thirteenth segment of the body. The 
latter two are one and one-half times as large as the first two, and their openings 
are nearly vertical, diverging slightly below. The other segments of the body 
show the spiracles only when examined under a strong lens; these are nonfunc¬ 
tional, or at most only very slightly so. 

The galleries of this grub run obliquely through the large swollen part 
of the tree near the roots. (PI. VIII, fig. 3.) The specimen here 
depicted was full of grubs of all sizes and contained one or two pupa* as 
well. Adult beetles were also found in considerable numbers. The grubs 
have been encountered in the crown of the tree in numbers varying from 
15 to 20, where they work side by side with those of the rhinoceros beetle, 
and it is very difficult to distinguish the galleries of the one from those of 
the other. Plate III, fig. 1, shows a longitudinal send ion of the crown of 
a tree which has been eaten out. in the form of an inverted cone by the 
larvae of the rhinoceros beetle and.the palm weevil in company. Plate 
VIII, fig. tf, shows the work of the weevil in the lower part of the tree very 
near the roots, some of which are seen at the lower right-hand corner. It 
will be noted that the galleries run obliquely, which shows that the grubs 
work inward and upward from the outside of the tree. In this case the 
eggs were evidently laid in wounds in the root region, on the left, and 
the grubs worked their way toward the center where the full-sized galleries 
arc seen. 

Pupa.---When the larva of the palm weevil 1ms attained its full size, it 
ceases feeding and evacuates the alimentary canal, thus causing a shrinkage of 
one-third in its size immediately before making its cocoon. This is elliptical in 
outline, from 8 to 12 centimeters long and 5 to 0 millimeters in diameter, and 
composed of the long tough fillers of the coconut trunk wound as shown by 
Plate VM, fig. 3. It is closely woven und thick, so that the pupa is well pro¬ 
tected against, dampness. The grub sheds its skin and takes the form shown by 
Plate VII, fig. 2. The pupa measures 33 to 40 millimeters in length and about 
15 millimeters across its widest portion. The snout is doubled down on the 
breast; the antennae, wings, and other organs of the beetle are plainly visible. 
The color is a uniform pale-ocher, the tips of the knees being darker. Rugose 
areas are situated on each side of the head, lwck of the eyes, on the upper part of 
the snout, on the outer fore and hind regions of the pronotum, on the ridges of 
the elytra, and on the dorsum of the abdomen. These areas are rather thickly 
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set with short, sharp spines, .which aid the beetle in escaping from the pupal skin 
by holding the latter firmly in the cocoon. The spiracles, which on most of the 
abdominal segments in the larva were nearly obsolete, are very prominent in the 
pupa, a fiair on each of the first 6 segments and a fainter one on the seventh 
being visible. 

Up to the present it has been impossible to ascertain the length of time 
of either the larval or the pupal stage. The beetles begin their work in 
the trees at practically the same time as Oryctes and the adults are found 
together with those of the latter, so that the life periods in the larva and 
pupa of both are probably about the same, or from 18 to 24 months. 

Adult.—Rhyrtchophorvs ferruginous Fabr. is an extremely variable 
insect, in its markings as well as in its size. Specimens have been ob¬ 
tained of from 25 to 85 millimeters in length, while the color varies from 
a true ferruginous, with certain black markings more or less regularly 
placed, to almost entirely black, with only traces of ferruginous. (PL 
VIII, fig. 1.) 

Rhynchophorus sp. 

This species is very closely related to II. ferruginous Fabr., if not iden¬ 
tical with it, merely varying in general color and in having a broad, fer¬ 
ruginous, longitudinal band from the front to the binder margin of the 
thorax. (PI. VIIT, fig. 2.) 

The habits and the immature stages of this insect are similar to those 
of IL ferruginous Fabr. These beetles are found indiscriminately in 
company on the same tree, and no differences are noted until the adults 
are compared. 

Preventives and remedies .—The prevention of the first attack of the 
pest is essential. The adult male or female can not bore into the solid 
tissue as can that of the rhinoceros beetle, because the snout is small and 
the mandibles are relatively weak. For this reason the female seeks 
wounds or holes of any kind in the trunk of the tree to deposit her eggs. 
These wounds may have been caused by other insects, or they may be 
accidental. One of the chief injuries to the trunk of the tree is that 
caused by the gatherers of tuba, who make notches in it whereby they 
may be enabled to climb to the top. As these notches are of considerable 
size and depth, they offer excellent facilities for the beetles to enter and 
hide or lay their eggs. All such mutilation of coconut trees should 
certainly be prevented, even if it be necessary to construct bamboo ladders, 
securely fastened to the trees, as is done in some localities. There are 
frequently encountered in coconut plantations trees the bases of which 
seem to have been chopped with no apparent purpose in view. Of course, 
these offer an excellent opportunity for the beetles to begin their work, 
A good, healthy, vigorous, uninjured coconut tree is practically invulner¬ 
able to the attacks of the palm weevil. 

If, in spite of all precautions, the weevils gain entrance to the tree, 
the work of combating them is exceedingly difficult. Frequently, when 



they are in the softer, upper parts, it is possible to dig them out with a 
wire hook similar to the one mentioned as effective against the rhinoceros 
beetle larvae. In every case where these or other larva; are dug out of 
a burrow, this should at once be filled with a substance distasteful to the 
adult beetles. Great care is necessary in the work of extracting the 
larv®, lest it should be carried to such an extent as to debilitate or kill 
the tree. If the weevil larvae are located at or near the base of the tree, 
where it is almost impossible to dig them out, the only practical method 
is to stop all avenues of escape and then to remove the tree after it ceases 
to bear fruit. It has been suggested that infested trees he cut down, split 
lengthwise, and then left to attract beetles from the others. I am 
opposed to such a procedure, because it would surely attract fully as many 
insects from a distance as it would from the immediate neighborhood. 
Such a method would be advisable only if the other trees were in great 
danger from beetles already present in them. Plate II shows a coconut 
tree very badly infested by both the rhinoceros beetle and the Asiatic 
palm weevil. It will be seen that the entire interior has been eaten out. 
and converted into a mass of debris, in which both the cocoons and the 
larva; of these insects were found in great abundance. The tree had 
cased to bear, the growing point was gone, and there remained only 21 
circle of older leaves, kept alive by the small flow of sap in the outer shell 
of the trunk. It is obvious that such a tree is a source of infection for 
a large area. 

THE SHOT-HOLE COCONUT WEEVIL. 

This destructive weevil has been found in Laguna Province in con¬ 
siderable numbers. J once felled a dead coconut tree, the trunk of which 
was completely pitted from top to bottom by the insects’ exit holes, and 
Mr. Schultze found the lame and pupae as well as the adults in a living 
tree. (PI. X, figs. 1 to 5.) 

Egg .—The egg has not been found. Jt is probably laid directly in 
the hard wood in small cavities made by the female, as the grub can work 
in any part of the trunk of a tree. 

Larva .—The larva is a very pale-yellow, almost white grub, intm.suring 10.5 
millimeters in length and 6 millimeters in diameter, resembling the larva of the 
palm weevil, except that the hinder end ol the body is evenly rounded. The head 
is shiny and but slightly darker than the rest of the t»ody, the region around.the 
mouth and the mouth parts appearing dark-brown. A very thin, brown median 
line runs from the upper lip halfway to the lwiek of the head. The spiracles are 
very small and almost black. The surface of the body is smooth and very much 
folded. A few bristle-like hairs are seen on the head. (See PI. X, fig. 1, illustra¬ 
ting a full-grown larva.) 

I*upa. —The pupa is 13.5 millimeters long and 0 millimeters in diameter and of 
the sonic color as the larva. The surface is smooth and shiny. On the head, 
thorax, and dorsum of the abdomen there may be seen a series of stout, brown 
bristles arising from brownish tubercles. The tip of the abdomen hus a small, 
white tubercle on each side, from the ]H>int of which arises a small, black bristle. 
There is little difference between the size of the tubercle and that of the bristle. 
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The pupa rente in a cavity in the live wood, there being no attempt at forming, a 
cocoon. (See Pi. X, fig. 3, giving a lateral view of the pupa.) 

Adult (PI. X, fig. 4.).—The adult both in form and in size appears very much 
like the willow weevil, Cryptorrhynchu$ lapathi Linn., of the United States, except 
that there are no tubercles on the thorax and wing covers. It measures 11 
millimeters in length (exclusive of the bill, which normally is doubled under the 
body) and is 5.5 millimeters in its greatest breadth. (PI. X, fig. 4.) It is of a 
dark-reddish brown, somewhat mottled with gray on the forward part of the 
thorax, which is very closely punctured. The head is globular and fits almost 
entirely into a cavity in the front of the thorax, so that, .when seen from above, 
it has the form of a thin crescent. The eyes are black and somewhat oval, nearly 
meeting on the front of the head, the space between being one-fourth the width 
of the rostrum or hill. When the insect is at rest the antennas, which are 
inserted on each side of the rostrum near its base, are completely hidden, being 
drawn within the cavity in which the head fits. They are geniculate, the apical 
part or flagellum being somewhat more than half the length of the bill, very 
slender at its base, and increasing in Mize toward the club-shaped apex, which 
has three segments very closely united. There arc 12 segments in the antenme, 
of which 11 are in the flagellum. (PI. X, fig. 2.) The surface of the 3 apical 
ones is very pilose and of a sensitive nature. The rostrum is smooth, closely 
punctured, and slightly broadened at its apex. The mandibles are plainly visible, 
slightly darker than the rostrum, and uniting at their apices to form a triangle. 
The part immediately above the mandibles is covered with strong, light-brown 
bristles, pointing toward the tip of the rostrum. The thorax hears a longitudinal 
depression which is light-gray in color, owing to the scales on the surface, and 
which extends nearly to the {M>stcrior margin, where the depression becomes a 
ridge or carinu one-sixth the length of the thorax. 

The elytra reach nearly to the tip of the abdomen, are very rough, and are 
traversed longitudinally by nine rows of punctures forming very deep grooves; 
six of these extend to the apex of the wing covers, the others being interrupted 
or running into each other. The external (ninth) row terminates before the 
middle of the elytron. The posterior portion of the prop)unr show's a decided 
depression, into which the front legs fit on each side. 

The legs are moderately long and very stout, the fore pair being nearly a half 
longer than the other two. The rostrum reaches beyond the insertion of the first 
pair; there is a transverse curina of the mesosternum against which it rests. Two 
spines are situated on the under sides of the femora near their apices, the smaller 
nearer the apex, and those on the forelegs larger than those of the middle and 
hind pairs. The tihiie are all of the same shape, each bearing u curved spine nr 
tooth and 3 bristles at its apex; the latter are external. 

The tarsi are 4-jointed, the fourth Wing very' small and hidden between the 
pul villi or pads. The tarsal elaw is bifurcated, very long and slender. The 
tarsi are covered with long, blunt, silvery-white scale-like hairs. 

The exposed part of the pygidium, or hinder segment of the abdomen, is bluntly, 
almost emarginutely rounded; the apical hulf is covered with golden-brown bris¬ 
tles lying flat. The last ventral abdominal segment is hairy apieally. The beetles 
appear to present no external sexual characters. 

Remedies and preventives .—Doubtless these inserts would be susceptible 
to the same general treatment as that given to the Asiatic palm weevil, 
although too little is known of their habits to be certain. They have 
been found in all stages, generally in diseased trees or in those debilitated 
by the attacks of other insects, and lienee should not form a serious 
menace. 



THE BONNHGA WEEVIL. 

Cyrtotrachclus sp. 

This weevil lives principally in the trunks of the betel palm, Arera 
catechu Linn., where it does great damage, but inasmuch as it has also 
been found in considerable numbers in coconut trees, it is here described 
as far as its habits and appearance are concerned. In addition to the 
larva* of the rhinoceros beetle and the cocoons and grubs of the palm 
weevil, one frequently encounters in decaying betel palms or coconut 
trees of 6 to 8 years, other smaller cocoons not. more than 115 millimeters 
long and 15 millimeters in diameter. (PI. VII, fig. 1.) These are com¬ 
posed of a more finely comminuted fiber than those of the palm weevil, 
and upon opening appear to contain a dwarfed example of the pupa of 
the Asiatic weevil. However, this pupa differs in many resj>oot8 from 
that of Rhynchophorus ferruijincus Fabr., and the frequent finding of 
beautifully marked weevils of very small size* convinces one that these 
cocoons and pupa* belong to the former. 

Egg .'—No eggs have been encountered, and attempts at confining the 
adults for the deposition of eggs under conditions as nearly natural as 
|H)ssible have failed. 

Larva .—Tin? full-grown larva is nearly of tin* same size* an the preceding one. 
However, in form it is more like that of the Asiatic palm weevil and is probably 
somewhat closely related to it. The color is a light-ocher yellow. The head 
is very much darker, and the mouth parts are dark-brown. 

The length is 20 millimeters and the diameter 6 millimeters near the rear third 
of the body, the form lieing strikingly like that of the Asiatic weevil in this 
particular. The head projeets forward and is smooth and shiny, with hut few 
hairs scattered over it. 

The spiracles on the first thoracic segment are larger than any of those on the 
other ones of the body, with the exception of the last, abdominal segment., on 
which they are well developed and plum! on the posterior aspect. The apex* of 
the last, segment, is somewhat, flattened and its hinder margin is prolonged into 
4 rather obscure tubercles, from each of which arise 2 bristle-like hairs pointing 
|M>steriorly and slightly downward. Certain areas on the skin of the entire body, 
except the head, are rough or very minutely shagreened, single isolated hairs 
arising from some of them. 

The mouth is minute, but the upper and lower lips and the mandibles are well 
developed, the latter being black. The palpi are prominent. As with the larvH? 
of Rhynehophoru* ferruijincus Fabr., there are no evidences of external eyes or 
ocelli. (PI. Xf, fig. 1.) 

Pupa ,—The pupa is illustrated by fig. 3 on Plate XI. Its length is 13 millimeters 
and its greatest diameter 6 millimeters. It is of a whitish-ocher color, certain of 
the tubercles being a darker ocherous. On the front of the head, just above the 
point where the eyes would appear in the adult., there are 2 prominent eorrugated 
tubercles, each with a single bristle; anterior to these are 2 smaller ones with 
bristles; and on the snout or rostrum above the antenna* are 2 more. On the 
front margin of the thorax are 2 other tubercles, smaller than the largest on the 
head; on the anterior half of the thorax toward the sides is another pair; and 
near the posterior margin are 2 others slightly larger; all of these are provided 
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with a. Mingle* bristle. The first (1 dorsal abdominal segments arc very sharply 
defined and boar on eoeh side of the middle a transverse group of 3 tubercles with 
bristles; outside of these is a single one. 

The spiracles arc plainly seen at the latcro-dorsal angle of each segment. The 
pygidial segment is curved downward and at its middle there is a transverse line 
of 8 tubercles with bristles, slightly separated on the median line. The apieal 
part of this segment has a median, transversely corrugated carina* On the 
extremity of the last ventral segment, on each side, there is a concentrically 
corrugated tubercle, from which 2 yellowish ochraceous bristles arise. 

Each femur, on the outer part of its apex, has a single tuberculated spine, 
darker than the surface. The pupsc are very active when taken from their 
cocoons, wriggling continuously if held in the hand. 

A peculiar large, button-shaped spiracle may be seen on each side just behind 
and a little below the prothoracic shield. 

Adult .—This insect is graceful in form and very delicate in color. A black and 
white drawing, such as fig. 4 on Plate XT, of course cun not show its coloring, 
which is one of its most striking features. The profile is shown by Plate XI, 
fig. fi. 

The length is 17 millimeters from the tip of the snout to the tip of the abdomen, 
and the diameter about 4.75 millimeters. Seen from above, it measures 13 milli¬ 
meters in length. Its color is a combination of oclicr, reddish-ocher, and dark- 
hrown. or black, in which reddish-ocher predominates. 

The head, exclusive of the snout, it globular, mid smooth above and below, 
with a few scattering shallow punctures at the side. Its color is rcddish-ochcr. 
The eyes are jet-black and broadly crescent-shaped, nearly uniting at the upper 
and under sides of the head; their exterior outline, when viewed directly from 
in front, is almost a perfect circle. The rostrum is cylindrical and strongly 
curved downward, the basal third being twice the diameter of the rest and 
covered with circular light-gray spots, from each of which arises a tiny, dark- 
brown tubercular spine. The apical two-thirds is smooth and finely punctured 
longitudinally. The tip is slightly swollen laterally and of a darker color, as 
are tlie mouth parts. The mandibles are black and glossy, and tridentntc*, the 
teeth of one fitting into the interstices of the other. The narrow transverse 
labruni, with the anterior margin rounded, is scarcely visible. The antenme, 
apparently compostul of 8 joints, of which the first is equal in length to the 
others combined, are placed in short, deep furrows on each side of the snout 
a little less than one-fourth the distance from its huso. The upper edge of this 
furrow* projects at. its middle and somewhat overlaps the articulation of the 
first antennal joint. The last joint is greatly swollen, being twice the diameter 
of the preceding one, and is securiform. The length of the antenna* is equal 
to that of the rostrum. The third joint is chalice-shaped and one-half longer 
tlian the second one, which is inserted on the inner apical portion of the first. 
The prothorax is subcortical, three-fourths as wide as the elytra, perfectly truncate 
at its anterior margin, and slightly rounded posteriorly. A narrow collar extends 
around its entire anterior margin, the sides of which are subparallel. The sides 
of the thorax are rounded, and their surface is smooth, dull, and sparsely 
puucturcd, the punctures toward the sides bearing small tubercles or spines. 
These punctures arc also found on the underpart of the pro- and mesothorax, 
the metathorax, the ventral surface of the alalomen, the pygidium, the femora 
and the tibia of all the legs. 

Thoracic markings occur as follows: A lancet-shaped, light-ochraceous or buff 
median mark, extending from a point behind the anterior margin one-fifth the 
length of the thorax, to the posterior margin; on each side of this a wide black 
line, broadening perceptibly at the posterior margin, meeting in front of the 



median mark and extending to the (interior margin; outside the black linen, on 
each side, a rcddish-och racoons one, twice an broad us the median and not extending 
to the anterior margin; external to these on each side, a broad pale-ochraceou* 
or buff line, mixed with reddish-ocher at its outer edge and running imperceptibly 
into the extreme outer longitudinal black lines on the sides of the thorax. The 
black lines are irrorated with buff and have buff punctures anteriorly. 

The scutellum, between the bases of the elytra, is lancet-shaped, black, and 
shiny. 

The elytra have a ground color of reddish-ocher, with the following longitudinal 
markings: A series of 0 punctured lines, 5 of which reach the apex; a buff line 
on the sutural margin and a similar, although Tedder, Hpace between the fourth 
and fifth and the sixth and seventh punctured lines. Each space is interrupted 
several times before it Anally meets with the others near the apex of the elytron. 
The elytra bear near the base \f and H and on the apical half |—| on the left 
and right, respectively. There is also a broad, black, uninterrupted band on the 
external margin, confluent with a similar one on the prothorax. In the male 
these black characters are more or less confluent. The apices of the wing covers 
arc emarginate at the suture; the pygidium is truncate, with the sides gradually 
converging; the median portion of the ventral surface of the thorax and abdomen 
is black and glossy, with numerous spine-hearing punctures; the posterior 
margins of the meso- and meia thorax are deeply notched; the fore eoxte or 
first leg joints are almost contiguous, the interspace having a transverse suture. 
An elytron of the female is shown by Plate XI, fig. 5. 

The legs are stout and moderately long; the femora are slightly swollen at 
their apices; the tilme of the middle legs are somewhat shorter than those? of the 
fore and hind ones, and all are longitudinally ribbed with spine-bearing tubercles 
of minute size. The apices of all tibia; hear a large tooth and two stout, bristles. 
The 4-jointed tarsi are covered sparsely above and densely beneath with 
golden-brown hairs. The bident a to claws are long and graceful. These beetles 
have no constant external evidences of sex differentiation. (See PI. XT, flg. % 
showing hind legs.) 

Remedies and preventives .—The same preventive measures and reme¬ 
dies apply in combating this insect as are recommended in the case of 
.the Asiatic palm weevil. The damage done bv them is not by any means 
so extensive as that due to the other insect, but, nevertheless, it should, 
if possible, be prevented or stopped, as the tree is finally killed by the 
summation of the attacks of the various insects which it harbors. 

THE FOUll-SPOTTEI) COCONUT WEEVIL. 

The length of this beetle, exclusive of the snout, is 5 millimeters, and 
the width is 1.5 millimeters. It was found in the dead or decayed heart 
or the undeveloped leaves of a small 3-year-old coconut, tree during a 
search for the rhinoceros beetle. It attacks only dead trees of a very 
small size and is met with only in coconuts. In addition to the adult 
beetles, the larvae and the pupae were secured in numbers. Plate IX, figs. 
1 and 2, shows the exit holes of the adults and the work of the larva* in 
the interior of the tree. 

Egg .—The egg of this species is not known. It is probable that the beetles 
deposit their eggs on the sticky sides of their galleries in the trees, though close 
search failed to reveal them; but, as these places are also occupied by many 
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other refuse-destroying insects amt mites, it is probable tlmi few of .the shell* 
would remain after the young grubs had emerged. Doubtless some of the mites 
feed upon the eggs themselves and in this way serve to limit the number of the 
beetles. 

Larvo.~ 'T\ie larva is of about the same general shape as that of the shot-hole 
cononut weevil, but it is more slender in proportion to its length. The length is 
7 millimeters and the width 2.5 millimeters. The color is a pale-cream, the head 
being somewhat darker and the mouth parts dark-brown. The head bears 
numerous scattered, golden-brown bristles. The posterior margin of the labium 
is rounded, with a sharp angle at the median line. The ventral surface of the 
first thoracic segment is microscopically and densely spinose-tubercuiated, as arc 
also certain transverse areas on the ventrum and dorsum of the middle abdominal 
segments. The spiracles are extremely minute, somewhat slender, and pyriform, 
with lines radiating from the central slit to the margin. The upper, posterior 
surface of the last abdominal segment is slightly excavated, with 10 rather fine 
bristles; it is of a golden-brown on its margin. The larvw feed in well-defined 
burrows or galleries slightly isolated from each other. 

Pupa .—The length of the pupa is 5.5 millimeters and the width at the middle 
1.75 millimeters. It is cream-colored and in general shape like the pupa of the 
shot-hole coconut weevil. Golden-brown spinose hairs are arranged as follows: 
Two pairs, very small, on the rostrum above the antenna?, 2 larger ones in front of 
the eyes, 2 still larger ones on the top of the head back of the eyes, 8 pairs sym¬ 
metrically on the prothorax. 7 on the nieso- and metathorax, respectively, 2 on 
eucli abdominal segment from the first to the sixth, 1 on the seventh, 1 at the base 
of the pygydiutn, and 1 on the ventral apical margin of the last abdominal seg¬ 
ment, (dinting downward. Each femur is provided at the outer apical angle 
with a single erect spinose hair. The spiracles are hardly visible. 

Adult .—The general color of the beetle is dark-brown, with rufous patches. 
The head is globular and strongly punctured. The eyes arc black and broadly 
crescent-shaped, contiguous beneath the head, hut separated above by a narrow 
shallow sulcus at the base of the rostrum. The rostrum is slender, subcylindrical, 
slightly swollen laterally at flic tuise above the insertion of the iintennir, and 
coarsely punctured, each of these punctures as well as all others upon the surface 
of the body containing a single club-shaped hair or bristle. (FI. X, fig. <J.) The 
mouth parts are extremely minute. The mandiblpR are iridentate, mid when 
closed are almost completely hidden within the mouth cavity. A narrow longi¬ 
tudinal sulcus is situated on each side of the mentum, into which fit the maxillary 
palpi. The antenna? are 8-jointcd and of the same length as the rostrum; the 
first joint is slightly shorter than the other seven, the last is double the diameter 
of the preceding one and its distal half is silvery-pubescent with sensitive hairs. 

The thorax is truneately conical and its anterior and posterior margins straight 
and parallel, the former liuving a narrow, smooth collar, back of which are nu¬ 
merous setigerous pits or punctures. It is coarsely and deeply punctured, with 
an indistinct rufous spot on eaeh side. The scutelluin is subtriangular and ex¬ 
cavated at its middle*. Each elytron is marked by 2 reddish-subquadrate spots, 
one at the base and the other beyond the middle, nml is traversed longitudinally 
by 5 very finely punctured ridges or carin®. Between every % carinas there is 
a double row* of very regular, coarse, deep punctures. The apex of each elytron 
is rather sharply rounded, the pygidium is subtriangular, and its sides and median 
line are carinated and rather densely setose, the set® springing from fine punc¬ 
tures. It is very easily depressed; in some specimens it forms an angle of nearly 
00° with the remainder of the abdomen. The legs are stout, moderately long, 
and the, pairs about equidistant from each other and from the 2 extremities of 
the body, roughly dividing the latter into 4 subequal sections, if the rostrum 
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is excluded. The femora are swollen toward the apical angle aud each has a 
slight constriction beneath and just in front of the apex. Each tibia has an 
apical claw and a tuft of prc-apical hairs beneath. The tarsi arc all of equal 
length. The legs are conspicuously shiny in coni|>urison with the rest of the 
body. Plate X, flg. 8, shows prolilt* and fig. 7 an antenna of this beetle. 

Ah is the case with nearly all weevils, these also feign death when 
annoyed. They conceal themselves under any available object and unless 
disturbed remain in one spot in their burrows for a long period. 4 

Remedies and preventives .—These beetles are found only in locations 
where others have preceded them and killed the trees; hence, they are 
not in any sense a menace to the healthy tree. Their description has 
here been given merely to call attention to all forms which may be 
encountered. 

4 It was hoped that the identifications of the shot-hole coconut weevil, the boniigga 
weevil, and four-spot ted coconut weevil would be received from Washington in 
time for insertion in this article, but ns they have l>een delayed, it was thought 
tost to publish the pajwr and give the identifications later. 


[Part II of this paper will treat of the insects which live upon the leaves 
of the 4X)conut, including two species of Lepidoptera and certain species 
of CoccidfJP, of which there are several that make their homes upon the 
coconut . There will also he given a bibliography of the insects of the 
coconut .] 
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ILLUSTRATIONS. 


Plate I. 


Fig. 1. Adults of R. ferrugineus Fabr. (About natural size.) 

2. Head of larva. (X 5.) 

3. Antenna. (X 12.) 

4. Left mandible of female: 

(o) Profile and inner surface, showing condyle. (X7.) 
(6) Interior view. (X 7.) 

5. Profile of head and thorax of female. (X 1£.) 

H. Profile of head and thorax of male. (X 1}.) 

Plate II. 


Coconut showing results of attacks of Oryctes rhinoceros L. and Rkynohophorus 
ferruginous Fabr. 


Plate III. 


Fio. 1. Crown of coconut, showing inverted cone, in longitudinal section, eaten 
out by larvee of 0. rhinoceros and R. ferruginous Fabr. (About one- 
seventh nuturul size.) 

2. Adult of O. rhinoceros L. boring into petiole of coconut leaf. (One- 
half natural size.) 

Plate IV. 


Fig. 1. Larva of Oryctes rhinoceros L. 

2. Pupa of Oryctes rhinoceros L. 

3. Adults, male and female, of 0. rhinoceros L. (All about natural size.) 


Plate V. 


Figs. 1-4. Heart of coconut showing burrow made by adult of 0. rhinoceros , and 
a female beetle working at center of tree. (One-half natural size.) 

Plate VI. 

Fig. 1. Kgg of Rhynchophorus ferrugineus Fabr.; magnified portion shown 
at 1 6. 

2. Head of larva of same. (X 2|.) 

3. Labium of larva of same. (X 3.) 

4. Diagram of work of larvie in base of coconut trunk, showing points of 

entrance, as at A. 

Plate VII. 

Fig. 1. Larva of Rhj/nchophorus ferruginous Fabr. 

2. Pupa of Rhynchophorus ferruginous Fabr. 

3. Cocoon of R. ferruginous Fabr., showing beetle partly emerged. 

4. Cocoon of Cj/rtotrachclus sp. (All about’natural size.) 

Plate VIII. 

Fig. 1. Adults of R. ferrugineus Fabr. (About natural size.) 

2. Adults of Rhynchophorus sp. (About natural size.) 

3. Work of larva* of R . ferrugineus Fabr. in wood of coconut near roots. 

The larva: entered from the lower left. 
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Plate IX. 

FfOS. 1,2. Work of shot-hole coconut weevil in trunk of coconut, with exit holes 
of adults, 

PliATE X. (Drawn by \V. Scltultze.) 

Fiq. 1. Larva of shot-hole coconut weevil. (X a.) 

2. Antenna of shot-hole coconut weevil. (X a.) 

3. Pupa of shot-hole coconut weevil. 

4. Adult of sliot-hole coconut weevil. (X 4.) 

5. Adult of shot-hole coconut weevil, profile. (X 4.) 

0. Adult of four-spotted coconut weevil. (X 8.) 

7. Antenna of same. (X 30.) 

8. Profile of same. (X 8.) 

Plate XI. (Drawn by W. Schultz**.) 

Kid. 1. I^arva of Cyrtotrachclua sp. (X 6.) 

2. Hind legs of adult Vyrtotmchelua sp. (X 10.) 

3. Pupa of Cyrtotrachclua sp. (X 5.) 

4. Adult male of Cyrtotrachclua sp. (X 5.) 

5. Elytron of female of Cyrtotrachclua sp. ( X 5.) 

0. Profile of male of Cyrtotrachclua sp. (X 5.) 
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BERI-BERI IN THE JAPANESE ARMY DURING THE LATE 
WAR: THE KAKKE COCCUS OF OKATA-KOKUBO. 

(A PRELIMINARY REPORT.) 


By Maximilian Hkkzou. 

(From the Biological Laboratory , Bureau of fjcietice.) 


The affection most commonly known in European and American litera¬ 
ture as beri-beri, and universally designated in Japan as leakke, is a 
disease generally confined to tropical and subtropical zones and partic¬ 
ularly prevalent in certain parts of Asia, namely, Japan, China, the 
Malay Peninsula, the Dutch colonies, and the Philippine Islands. Espe¬ 
cially in former years, beri-beri was exceedingly widespread in Japan, 
and it is from this country that most of our exact original knowledge 
concerning the disease has come. In this connection the work of Baelz, 
Scheubc, M. Miura, K. Miura, and Yamagiwa, among others, should 
always be favorably remembered. During the late Russo-Japanese war 
much discussion was carried on, both in the medical and in the secular 
press, concerning the excellent management by the Japanese army 
medical corps of the sanitary affairs of the Japanese army; indeed, as it 
appears at present, the latter to a great extent succeeded in limiting any 
serious outbreak of typhoid, typhus, dysentery, or scorbutus, and in pre¬ 
venting entirely the appearance of cholera and plague in the rank aud 
file of their fighting bodies. However, reports came to Manila during 
the second year of the war (1905) to the effect that a very large number 
of eases of beri-beri, occurring among soldiers returned incapacitated 
from the front because of this affection, were accumulating in the military 
reserve hospitals of Japan. As will appear from the official figures to 
bo given below, this was indeed the cast?; and it was true to so great, an 
extent that probably no outside observer, during the progress of the war, 
had any conception of it. It may hero be stated that the total number 
of cases of beri-beri which developed in the Japanese army during this 
period is to be placed at a minimum of from 75,000 to 80,000. 

However, it would certainly be doing a great injustice to blame the 
Japanese army medical corps for this great epidemic. There are certain 
points which must be considered when one is dealing with an occurrence 
such as this. Beri-beri is a disease the etiology of which is ill understood 
at the present time. We neither know its specific cause nor by what 
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route the specific poison, whatever it may be, enters the body. It is a 
well-known fact that, given certain conditions, no ordinary means of 
hygiene and sanitation will prevent the outbreak and the spreading of 
beri-beri. Such conditions are encountered in a particularly susceptible 
race, particularly when they are crowded together, and in certain localities. 
When these factors are present, nothing less than the abandonment of the 
locality which is apparently infected and the dispersion of the susceptible 
individuals will prevent the continual spreading of the disease. Of 
course, such measures as these could not very well be resorted to in the 
case of an army in the field and in the presence of the enemy. To repeat, 
given certain environments and certain compulsory conditions, kakke, in 
the present state of our knowledge, can not bo considered to be a prevent¬ 
able disease. 

The author was ordered to Japan to study beri-beri some time after the report 
concerning the presence of the disease in the military hospitals of Japan, and the 
information that two Japanese military surgeons claimed to have discovered its 
specific organism, had reached Manila. He was provided with letters of introduc¬ 
tion from Mr. Goro Narita, Japanese consul at Manila, and he is greatly indebted 
to this gentleman as well as to Mr. ]slii, director of the Bureau of Commerce*, 
Foreign Office, Tokyo, for securing permission, through the Japanese War Office, 
for him to pursue his studies in the military reserve hospitals at Hiroshima and 
Tokyo. He was also greatly assisted in the preliminary steps taken in arranging 
this matter by Mr. Griscom, American minister at the court of Tokyo; Mr. 
Huntington Wilson, first secretary of the legation, and Mr. Charles B. Harris, 
American consul at Nagasaki. 

The author left Manila on August 15, 1905, reached Nagasaki on Aug¬ 
ust 20, and arrived in Hiroshima on the 24tli of the same month. At this 
place, situated not far from the Inland Sea, there had been a number of 
military reserve hospitals in operation during the war, with an aggregate 
capacity of 12,000 or more patients, the Japanese having transported all 
of their sick and wounded who could at all be moved, from the front to the 
home country. Hiroshima was one of the principal places for the recep¬ 
tion of such invalids, and at that place, during the greater part of the war, 
there had been in operation one hospital devoted exclusively to the care 
of kakke patients. After the Japanese war office had given its permission 
for the pursuance of this work, the writer, through Colonel Onishi, chief 
medical executive officer at Hiroshima, was assigned to the kakke hospital 
to take up his studies under the direction of Surgeon Major Kokubo, 
who, before the outbreak of hostilities, had been professor of infectious 
diseases in the Military Medical School at Tokyo 1 and who was in charge 
of the hospital. In this institution of about 1,000 beds, there were remain¬ 
ing approximately 700 subacute or chronic cases of beri-beri. Connected 
with the hospital and situated in a separate building there was a small, 
though well-equipped laboratory for all ordinary baeteriologic work. Here 

’This school was closed temporarily during the war, all of its teachers haviug 
been assigned to duty with the army. 
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the work in connection with the investigation of the etiology of beri-beri 
had been carried on by Dr. Kokubo, and here the author also worked for 
three weeks in isolating and examining, by Kokubo’s method, the coccus 
which he and Okata maintained to be the specific micro-organism of 
beri-beri. 

Kokubo had been most successful in isolating this coccus from the urine 
6f beri-beri cases. His method was as follows: The ordinary, slightly 
a lk a l i ne agar medium was first melted in tubes and then poured into 
Petri dishes. After the agar in the plates was thoroughly hardened and 
dried, it was inoculated from the urine which had previously been collected 
in sterile receptacles, by making streaks over the surface of the media 
with a platinum loop. The Petri dishes were then placed in the incubator 
in an inverted position and examined at first after twenty-four hours and 
then successively from day to day. The author examined the urine from 
about thirty to forty cases of beri-beri and in eight was successful in 
obtaining a coccus which apparently was identical with the one which 
Kokubo believed to be the cause of the disease. 

The agglutination test was regarded as the most significant feature in 
the identification of this coccus. Kokubo, by injecting rabbits, had 
prepared an antiserum which in the hanging-drop test, within one to two 
hours or even sooner, promptly agglutinated this particular organism in a 
dilution of 1-100. However, the author was not successful in obtaining 
this coccus from the blood of patients sick with beri-beri. He was never 
pereonally allowed to draw any blood from the sick soldiers; but Dr. Ko¬ 
kubo obtained some from several patients in his presence and inoculated a 
number of tubes with it. Dr. Kokubo’s method of taking the blood was 
as follows: 

An area on the back, over the trapezius muscle was cleansed antiseptically and 
then a puncture waa made with a sterile, protected blood lancet. A fold of the 
skin on which the small punctured wound waa present was then raised between 
the two fingers of the cleansed hand of the operator and firm pressure applied. A 
considerable amount of blood could thus be obtained for the purpose of inoculating 
a number of tubes and procuring cover-glass preparations. 

It appears that this method is not free from objection, because of the 
fact that it may frequently, and in a number of cases will certainly, lead 
to an admixture of pressed-out lymph with the blood and to the danger of 
contamination by means of micro-organisms inhabiting the sweat or 
sebaceous glands. The collection of blood by direct puncture of the 
median cephalic vein was suggested to Professor Kokubo, but the surgeon 
in charge of the Jcalckc hospital refused to employ this method on his sol¬ 
dier patients. 

The writer spent his mornings in working in the laboratory of the hos¬ 
pital, whereas the afternoons were devoted to bedside studies which were 
made while accompanying Dr. Kokubo on his daily rounds, and the latter 
was kind enough successively to demonstrate all of the cases at that time 
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present in the hospital, the patients who were more seriously and more 
acutely affected being repeatedly seen and examined. It was impossible 
to see more than one post-mortem examination; this occurred in the 
service of Surgeon Lieutenant-Colonel Shimada. 2 Surgeon-General Okata 
was also present at this autopsy and he subsequently informed the writer 
that from the kidneys and the cerebro-spinal fluid he had succeeded in 
isolating from this case the coccus which Kokubo and he had previously 
obtained inter vitam from the urine and from the blood of kdkke cases. 

In September, 1905, Okata and Kokubo published their first prelimi¬ 
nary report on their beri-beri investigation, it appearing in the Journal 
of the Military Surgical Association , printed in Japanese. Surgeon- 
General Okata, who is professor of bacteriology in the Military Medical 
School at Tokyo, was kind enough to furnish the writer with a copy. 8 The 
following extract includes all of its main features: 

REPORT ON THE OK AT A-KOKUBO BEKMIEKI COCCUS. 

On examining the blood of beri-beri patients we nonletimes find cocci in micro¬ 
scopical preparations; these are occasionally met with intracorpuscularly and 
sometimes outside the corpuscles. They generally appear as diplococci, but are 
also seen as individuals. Occasionally they are observed in the form of staphy¬ 
lococci. These cocci do not stain uniformly, but show an uncolored slit in the 
center. They are not very numerous in general, there being only one or two 
observed in the field. These cocci have no capsule and are not motile. 

For the purpose of obtaining cultures from beri-beri cases, the blood is collected 
as follows: (1) The region over the trapezius is cleaned with soap and water, 
(2) washed with bichloride solution, (3) with physiological salt solution, (4) with 
distilled water, (5) with sterile alcohol, and (0) finally with sterile water. The 
area is then punctured with a sterile lancet and the flowing blood is utilized to 
inoculate a number of tubes and to make some cover-glass preparations. 

The number of patients examined by this method was 129. We had 65 cases in 
which both microscopical cover-glass examinations and cultures gave positive 
results. In 34 cases both were negative, in 11 cases the microscopical examina¬ 
tion was positive and the cultures negative, and in 19 cases the microscopical 
examination was negative and the cultures were positive. 

Staining .—All the aniline stains, color the coccus deeply. It is well stained 
with T/oeffler’s alkaline methylene blue, and still better by the method of Semeno- 
wicz and Marzinowsky 4 (a combination of the staining solutions of Zielil and 
Loeffler). 

Vulture .’—All ordinary agar media may lie used. The most suitable temperature 
is 30° to 37° C. When the cultures are kept at this temperature a growth, visible 
to the naked eye, develops after eighteen hours. At room temperature (10° O.) 
a very slight growth is observed after.three weeks. When bouillon tubes are 
inoculated and placed in the incubator, a slight turbidity shows itself after fifteen 
hours. After twenty-four hours a grayish-white sediment forms at the bottom 

* In the .Japanese military service, autopsies can be held only after special per¬ 
mission from the family of the dead person is received. This permission is only 
very rarely given. 

■ For a translation of this report the author is indebted to Mr. C. J. Amell, of 
this Bureau. 

4 Cmtraiblatt filr Bakteriohgie (1897), 21, 874. 
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and some of the growth may adhere to the sides of the vessel; but the fluid is 
perfectly clear. The appearance presented is similar to that found in cultural of 
the Erysipelas streptococci. When a bouillon culture is shaken, the growth 
forms a stringy mass of grayish-white color; and the substance which arises from 
the bottom of the vessel is similar in appearance to that observed, in bouillon 
cultures of Spirillum rubrum. The growth is quite sticky, and on being touched 
with the platinum wire it forms long strings, which are not easily separated. The 
organism does not ferment sugar. It grows in milk without coagulating the 
casein. 

After four days in gelatine stick cultures, kept at 18° C., there appear, along 
the line of the puncture, minute, whitish granules, which afterwards become 
larger and confluent. In three weeks the growth assumes a yellowish color. There 
is no liquefaction. 

On agar streak cultures there first develops a grayish-white growth, which in 
the course of time becomes yellowish. On agar tubes kept in the incubator, after 
twenty-four hours there develops a granular moist growth. If examined with a 
magnifying glass, the colonies arc seen to be grnnulur, the margin transparent, and 
the center dark-yellowish. 

On glycerine agar, tlie transparent margin is more marked and the develop¬ 
ment of the coccus is similar to that in common agar cultures. The development 
on urine agar is similar. 

On potato, a fine, light-yellow 7 , dry deposit develops after twenty-four hours; 
this does not enlarge very markedly afterwards. 

On blood serum, after eighteen hours in the incubator, a very luxuriant growth 
develops in the line of the streak; this is shining, grayish-white in color and 
moist. After further time the growth spreads out from the streak in all direc¬ 
tions in the form of branches. (In culture media to which litmus has been added, 
no change of color occurs.) 

l/finc.—Thc morning urine of .*14 patients was collected in sterile flasks. From 
these specimens culture media were inoculated. In 25 of these cases wc succeeded 
in obtaining the coccus. 

Faxes .—The faeces from 44 cases were collected in sterile vessels and diluted with 
physiologic salt solution. We were successful in isolating the coccus on agar in 
15 of these cases. 

Animal exjtcriments .—Twenty one rabbits wore inoculated; of these, 3 died. 
The first, inoculated with human blood, died twenty days after inoculation; the 
seeond, inoculated from the spleen of a white mouse previously inoculated from a 
pure culture, died nine days after inoculation; and the third, inoculated with 
cultures, died eight days thereafter. 

Seven guinea pigs were inoculated with human blood and with the heart’s blood 
and spleens of white mice. None of these died. 

Sixty-four white mice were inoculated, of which 17 died. Thirty-one of these 
were inoculated with human blood, of which two died; and 33 were inoculated 
from cultures, of which 15 died. 

Methods .—The injection into rabbits consisted of one tube of blood and sterile 
salt solution into the veins. In guinea pigs the same amount was injected intra- 
peri toncal I y or subcutaneously. In the case of the white mice, three-tenths of a 
tube (0.3 cubic centimeter?) was inoculated intraperitoneally, or else a platinum 
loopfui of the pure blood was injected subcutaneously. One platinum loopful of 
agar culture mixed with sterile water was injected intraperitoneally into mice, or 
the same amount subcutaneously. The juice from the internal organs of animals 
dead of the disease was also injected/ 

• The last part of the report is not clear. The translation here given is as literal 
as possible. 
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I In the description of the anatomical and hlntologknl change* in the animate 
which died from an injection of cultures ot the Kakke cooema, the authors do not 
make any statement as to the condition of the peripheral nerves.) 

After having seen, and studied, more or lose, all of the eases of ben-ben 
in the hospital in charge of Surgeon-Major Kokubo, and, after having 
obtained a nuinlrer of cultures of the coccus, which, according to Okata 
and Kokubo, is the cause of this disease, the author left Hiroshima about 
the middle of September, 1905, and proceeded to Tokyo, where, during 
the war, five large military hospitals had been in operation. In two of 
these, namely, the Sliibuya and Toyama hospitals, there were still present 
between 700 and 800 beri-beri patients. While visiting the Shibuya 
Hospital the author had the advantage of having the material demon¬ 
strated by Prof. M. Miura, senior professor of pathology in the Imperial 
University and one of the greatest Japanese authorities on beri-beri. 
Professor Miura had just returned from Manchuria, where he had been 
ordered during the latter part of the war by the Japanese Government, and 
was at this time attached to the Shibuya Hospital as chief consultant for 
beri-beri cases. Professor Miura is still an adherent of the theory that 
beri-beri is a disease introduced into the human organism by food. He 
attributed the greater prevalence of beri-beri among the Japanese soldiers 
in the field during the first year, as compared with the second one of the 
campaign, to the following facts: 

During the first year almost all of the food for the Japanese army was 
imported into Manchuria from Japan; during the second one, on the 
contrary, the commissary department (transportation department) had 
developed a system of purchasing and transportation in Manchuria and 
the surrounding parts of the continent of Asia, which enabled it to obtain 
its food supplies from these places without depending upon importation 
from Japan. Professor Miura believes that the cases of beri-beri in the 
field were not due to infection from those which had come from Japan 
to Manchuria, but to the food supply exported from Japan to the army 
in the field. 

The author afterwards visited Toyama Hospital, where he saw a large 
number of beri-beri cases. This is not only the largest hospital in Tokyo 
bnt in Japan, and perhaps in the world, as it accommodates 7,000 patients. 
The institution is situated on a very large tract of ground on the outskirts 
of Tokyo, this area having formerly been occupied by the Imperial 
Military School for Noncommissioned Officers. It now contains from 
50 to 55 different hospital and administration buildings. While in 
Tokyo, the laboratory of Surgeon-General Okata in the Military Medical 
School was also visited, and Professor Okata very kindly furnished a 
number of stems of his Kakke coccus. The following statistics as to the 
occurrence of kakke in the Japanese army during the first year of the late 
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war were furnished to the author during the last days of his stay by 
Surgeon-General Koike, chief of the medical bureau of the war office: 

[Tblrty-ooventh year of MeiJI (1WH) from the Iwithinlng of the war until the month of l>eecmber.| 

•1 l»M* dunning ram* of hrri-hfrl, liolli Hum returned from the field of tear 
and those derelojted at Inane. 


Date. 

Cam* rt 
from 

New 

COUCH. 

burned 
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: io, hi i 
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November....... 
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l.\9 

29(1 

« ! 

December.. .. ....... . . 


79 

320 

* 1 

Total -- - --— 

.*>0,310 

! ,02, i 

j 3,337 j 
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Remarks. — (l) This table after further verilieation will probably show a few 
changes. 

(2) This table shows the statistics of the prevalence of beri-beri, when it was 
at its height last year (year 37). Although si net* January of the present year 
there has been a great diminution in the disease, exact figures can not be given, as 
reports from all districts have not as yet been received. 

(3) Special district, regimental, and classified military reports can not yet be 
prepared owing to tlie same reasons as above given. 

The A ralcke material which the writer was able to study in Japan 
belonged to the hydropic anti to the atrophic, dry variety of beri-beri. 
Acute, pernicious eases were not encountered, because, of course, these 
had to remain at the front, most, of them probably dying there. The 
large beri-beri material concentrated during the recent war in the 
military reserve hospitals of Japan, as far as the clinical histories were 
concerned, fully confirmed the clinical descriptions of the disease which 
had previously emanated from Japan. Therefore, in this preliminary 
report, it is not desirable to enter more fully into the subject; but the 
histories of three cast's which were kindly furnished to us by Surgeon- 
Major S. Kitamura, stationed at the Shibuya Hospital, are appended. 
It appears that careful histories were kept of all the cases in the military 
hospitals, surgical as well as medical, and the whole management of these 
hospitals appears to have been most excellent. All of the institutions 
which the writer-saw, excepting a very few which were older and more 
permanent structures, were buildings which had boon erected during the 























176 


war. They were of rather cheap frame construction, but were very 
practical in arrangement and scrupulously clean, being well adapted to 
the purposes for which they were intended. Every hospital had its 
laboratory facilities, and in several, complete X-ray and photographic 
outfits were seen. 

The three histories referred to follow. One of them, No. II, is illus¬ 
trated by a photograph, also kindly furnished by Dr. Kitamura. 

Case No. I. 

W. S., 22 years old; infantry. The patient cornea from a healthy family, has 
always been perfectly well, and has never suffered from any disease. About the 
beginning of June, while with the army in Manchuria, he noticed, without being 
able to assign any special reason for it, a loss of appetite, anorexia, palpitation 
of the heart, and precordial anxiety. After a short time, paresthesia in the tips 
of the fingers and in the region of the thigh was noticed, then paresis of the 
thigh and pain in the calves manifested themselves. The patient entered the 
Tokyo military hospital at Shibuyu on August 0, 1900. 

St at us praesens: He is a man of medium size, well developed, nutrition fair. 
Pulse 86, full and strong. No fever. Face somewhat puffed, but no true (edema. 
Tongue coated; skin dry. Pupillary reuction on both Bides normal. Lungs: Ex¬ 
amination negative. Heart: Upper boundary of the heart’s area of dullness is 
found at the upper margin of the fourth rib, at the left, one finger's width exter¬ 
nally to the left mamillary line, to the right, in the midsternal line. The first 
mitral sound is impure. The second pulmonary sound is accentuated. There is 
no epigastric pulsation. Arterinl sound lieurd indistinctly. The upper margin 
of tne liver dullness is at the upper margin of the fourth rib. Abdomen some¬ 
what distended; epigastrium somewhat sensitive to pressure. Appetite good. 
Stools, one per day, small in quantity and soft in consistency. 

Disturbances of motion and sensation.— Circular hypesthetic area around the 
mouth. Mouth can not be very firmly closed, and it is especially the upper lip 
which is distinctly paretic. (Such a condition around the mouth, the report says, 
is very rarely seen in kakke.) The entire upper extremities are hypesthetic. The 
senses of touch, temperature, and pressure are equally disturbed. The disturb¬ 
ances are more marked on the anterior than on the posterior surfaces, and more on 
the left side than on the right one. Doth flexion and extension nt the elbow and 
wrist are diminished. Flexion of the fingers is possible, but extension is very 
much disturbed. All the fingers are now in a flexed position, particularly the 
middle and the index Anger. 

From the umbilieus downward anteriorly and from the gluteal region downward 
posteriorly to the tips of the toes, there is hypesthesia. The latter is more 
marked on the interior surface of the thigh than on the exterior one. The power 
of flexion and extension at the knee joint is diminished, more on the left side than 
on the right one. The dorsal flexion of the feet is decreased; the plantar flexion, 
however, is normal. The muscles of the calf, quadriceps fetnoris and adduetor 
femoris, and the muscles of the nntcrioT side of the forearm, are sensitive to 
pressure. The patellar reflex, the reflex of the tendo achilles and that of the 
muscles of the hand are ataent, as is also that of the anterior abdominal wall, of 
the cremaster, and plantaris; however, the adductor reflex is preserved. 

Therapy: Magnesium sulfuricum, acidum hydrochlaricum. 

August 13: Condition of patient improved. Pulse 72. Appetite good. Three 
to four stools a day. Hands and feet somewhat cyanotic. Hypesthesia around 
the mouth is decreased. The motility of the lower extremities is improved. 



177 


August 21: The hypesthesia aruuuil the mouth 1 mm disappeared.. The mouth can 
be cloaed normally. The extension of the lingers is improved. The hypesthesia 
of the abdominal wall has almost entiidy disappeared; that of the extremities is 
much improved. The motility in the knee joints is better. The feet and toes 
can now be moved in a normal manner. The appetite is good. Stools three 
times a day. The patient can now walk with the aid of a cane. 

August 28: Hypesthesia is present only below the elbow and below Uie knee 
joint. 

September 6: Pulse 72. The heart’s dullness on the right side is found in the 
left sternal line and on the left side in the left mamillary line. Heart sounds 
pure. Second pulmonic is not accentuated. The extension of the Ungers is 
still somewhat insufficient. The patient can now walk well with the aid of a 
cane; however, his gait is still a little unsteady. 

Cask No. Tl. 

S. O., 23 years old; infantry. There is no hereditary taint. The patient has 
always been well and has never suffered from any severe disease. Some time 
before the beginning of November, 1004, ho noticed a loss of appetite, palpitation 
of the heart, and oKlenia of the legs, lie also had a pain in the calves, and it was 
noticed that the patellar reflex whs absent. The heart’s area of dullness was 
increased both toward the right and toward the left. Accentuation of the heart 
sounds. 

November 22: Pulse 108. There is no fever. There is violent palpitation of 
the heart. The first mitral sound is impure, and the second pulmonary Hound 
is accentuated. There is (edema over the whole body. The abdoniinul wall and 
the lower extremities arc hypesthetie. 

Therapy: Infusion of digitalis and kali acetknim. 

December 10: Appetite is good. All the symptoms arc improved. 

December 13: The pulse is 100 and the temperature 30.7. There is one stool 
daily. The patellar reflex is absent. 

.January 27 (1900): The heart dullness at the right side is in the mid-sternal 
line. This patient came to the Hhihuya Hospital with the foregoing history on 
February 8. 

Status praesens: Poorly nourished, medium-sized man. Pulse 124; tempera- 
ture 36.°8. Tongue clean; extremities very much emaciated. The first mitral 
sound is impure; the second pulmonic sound is accentuated. Appetite good. 
Stools once daily. The patellar reflex is absent on both sides. Paresthesia and 
hypesthesia on the lower extremities arc confined to the feet. 'Hie muscles of 
the calf are sensitive to pressure. The dorsal flexion of the left hand is insuffi¬ 
cient. All the fingers are in a flexed position and can not be extended. However, 
the hand and the fingers of the right, side are almost, normal. The motion at the 
knee joints is almost normal, but the feet and toes on both sides are totally 
immobile. 

April 10: The left boundary of the heart’s area of dullness is one finger’s 
breadth inside the left mamillary line. At the apex the first sound is dull; the 
second pulmonic sound is accentuated. Pulse. 120. Patellar reflex slightly 
present. The muscles of the calves arc not so sensitive to pressure as previously. 
The motility of the hands and fingers is improved. 

Therapy: Decootum ohitwr* 

April 11: The thenar and liypothenar eminences are much emaciated. 

April 22: The muscles of the legs show complete K. A. it. (reaction of de¬ 
generation). 

April 26: Both feet are in an equino-varus position, in consequence of which 

they can not be used. 



178 


May 22: The muscles of the calf are no longer tender to pressure. 

May 20: The patellar reflexes have become more distinct. Flexion and exten¬ 
sion of the knee joints arc much improved; however, the feet and the toes are 
still entirely immobile. The right hand and fingers are almost normal in motility. 

June 24: The left foot has become somewhat mobile. 

July 2: The left large toe has become somewhat mobile. 

August 10: The muscles of the calf on both sides arc somewhat indurated. 
On Iwtli plantar surfaces of the feet one feels some nodular hardenings, which are 
quite tender to pressure, in consequence of which the patient can not walk on 
his soles. 

August 10: Both feet and both large toes have become mobile. In attempting 
passive dorsal fiexure of the feet and toes, one encounters strong opposition, 
which is caused by the tendo achilles and the aponeurosis of the plantaris. The 
patient complains of pain along the flexor muscles of the leg. 

August 31: The motility of the toes and feet is now better and the patient 
can walk with the aid of crutches. 


Cane No. 111. 

T. 1., 20 years old; in the military railway service. The patient comes from 
a healthy family and has always been well. About the beginning of August he 
had acute gastritis, lasting for three weeks. Shortly following it, there was 
noticed palpitation of the heart. The muscles of the calves were tender to pres¬ 
sure. There was hypesthesia of the legs. The patellar reflex had disappeared. 

August 23: The patient was admitted to the. hospital on this date. Status 
praesens: Medium-sized man, poorly nourished. Pulse 80, small and weak. The 
tongue is not coaled. The voice is hoarse. The skin is dry. No (edema. The 
muscles and the subcutaneous tissue arc somewhat diminished, especially at the 
extremities. Heart: The upper boundary of dullness is in the third intercostal 
space, extending to the right to the middle of the sternum and to the left to the 
left mamillary line. All the heart sounds are pure. The second pulmonic 
sound is somewhat*accentuated. Liver dullness: The upper boundary is in the 
mamillary line at the upper margin of the sixth rib. The abdomen is moderately 
distended. 'I'he epigastrium and the hyjtogastrium are tender to pressure. A 
vibration can be distinctly felt at the left iliac region over the crural artery. The 
appetite is good. Stools twice daily. There aro no dyspeptic symptoms. The 
hypesthetic ureas are to be found only at the inner half of the feet. The right 
knee joint is slightly mobile; but the left one is entirely immobile. The dorsal 
flexion of the foot on the right side is fairly good; on the left side, however, it 
is disturbed. The motion in the toes is almost normal in excursion. However, 
the dorsal flexion of the large left toe is very insufficient. The muscles of the 
lower extremities are flabby mid tender to pressure. This tenderness is especially 
marked in the adductor muscles of the thigh. The patellar reflex is completely 
abolished, as is also that of the tendo achilles, the abdominal wall, the cremaster 
and the plantaris. The triceps reflex is present. 

August 30: The hypesthesia is now confined to one place, namely, ihc distal 
inner surface of the left foot. Both knee joints are somewhat immobile, partic¬ 
ularly the left one. The dorsal flexion of the foot is improved, especially on the 
right side. The muscular pain is much lessened. 

Therapy: Magnesium sulfvricum. 

September 8: The dorsal flexion ami the motility of the toes are much improved. 
The motility of the knee joints is now almost normal. The appetite is good. 
Stools once daily. 

September 17: The extension at the knee joints is now almost normal in ex¬ 
cursion. 
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The author, since his return from Japan, has been at work with the 
OkatorKolcubo coccus and has inoculated with it a number of monkeys 
and other animals. His results, as far as concerns the production in 
these animals of a disease similar to beri-beri in man, have not been 
encouraging. However, it is altogether too early to permit of any definite 
statements. These and other experiments will be fully dealt with in a 
future publication. 

In concluding this preliminary report, it is my agreeable duty to 
express my sincerest thanks to those Japanese colleagues who have so 
liberally and willingly assisted me in the study of the beri-beri material 
to which I had access during my stay in Japan, and I wish particularly 
to thank Surgeons-General Koike and Okata, Colonel Onishi, Majors 
Kokubo, Shimada, Tanaka, Shimose, Ilirai, and Kitamura, of the army, 
and Professors M. Miura, K. Miura, Kitasato, Shiga, and Doi, of the 
Imperial University and the Government Institute for Infectious 
Diseases, and also Captain Pershing, military attache of the American 
legation, Tokyo. 



ILLUSTRATIONS. 


1. A Japanese soldier at the Hiroshima Kakke Hospital. Atrophia, dry 

beri-beri; great atrophy of the muscles of the legs; contraction, with 
pes equinovarus. Author’s original photograph. 

2. Japanese soldier, Shibuya Hospital at Tokyo. Condition same as in No. 1. 

Photograph by Surgeon-Major Kitamura. 
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VACCINATION AGAINST PLAGUE. 


By Ktchabd P. Stbono. 

(From the Biological Laboratory , Bureau of Science.) 


Although the question of protective inoculation against plague has 
received considerable attention during the past few years and prophy¬ 
lactics for the disease have been recommended by Haffkine, 1 the German 
Plague Commission 2 (Pfeiffer and Dieudonnc), Lustig and Galeotti, 3 
Terni and Bandi, 4 Shiga, 5 Bcsredka, 3 and Gosio, 7 apparently no successful 
experiments have been made on human vaccination against the malady— 
i. e., protective inoculation in which the living attenuated pest bacillus has 
been employed.* It is true that in the eighteenth century some desultory 
attempts were made to secure immunity in man by exposing the individual 
to direct infection. In 1755 the Hungarian physician, Weszpremi, sug¬ 
gested the artificial inoculation of the pest poison in a manner similar to 
that which, at that time, was practiced against smallpox ( variolation ), 
hoping in this way to produce a mild form of the infection. In 1781, 
Samoilowitz, a Russian physician, inoculated himself with plague pus, 
suffered a mild attack of the disease, and so became immune. Therefore, 
be recommended that a lint compress previously saturated with tin* pus 
from a plague bubo be bound upon the arm of the person to be immunized. 
The skin of the individual was not to he abraded. Other observers 
attempted similar experiments; but many of these resulted disastrously; 
thus, Cerutti performed such inoculations on six persons, five of whom 
died of plague. Because of these results this method of immunization 
obviously was soon abandoned and has not since been employed. Up 

1 British Medical Journal (1807), part 1, 1401. Also Lancet (1890), 1005. 

* Bcrioht der dvutsohen Pest Komission; Arb. a. d. Kais lies. Amt. (1800), 
16, 306. 

■ Deutsche med . Woch. (1807), 23, 227, 280. 

4 Deutsche med. Woch. (1000), 26, 403. Also Rev. d. Uyy., Paris (1000), 

22 , 02 . 

•Berieht Uber die Pest in Kobe und Osaka , Tokyo (1000), 54. 

•Ann. Institut. Past. (1002) 16, 018. Also Ibid , July (1905), 19, 470. 

T Ztsohr . f. Hyg. (1005), 50 , 510. 

a Kolle and Otto have called attention to the fact that the terra “vaccine” is 
more correctly employed in the sense in which it was primarily used by Jeuner 
and Pasteur, and should not lie applied to forms of protective inoculation in 
whioh the killed organisms or their extracts are used. 
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to the present time no further experiments of importance with the living 
organism, either in a virulent or an attenuated condition, have been made 
on human beings, but a number of this nature have been performed on 
animals. 

The German Plague Commission* (Gaffky, Pfeiffer, and Dieudonn6) 
called attention to the fact that an ape (Macacus radiatus) which had 
been inoculated with the living peat organism and which after many days* 
illness had recovered, was found to be fully immune about five weeks 
subsequent to the first inoculation, since, at that time, it resisted the 
injection of an entire oese of a virulent pest culture. For the purpose of 
attenuating the pest bacillus, agar cultures suspended in bouillon were 
exposed to a temperature of 51° 0. during different periods of-time. 

First experiment .—The culture was heated for two hour* at 51° 0. and after¬ 
wards proved to be sterile. A monkey, inoculated with one-fifth oese of this 
culture, acquired no immunity, succumbing to an injection of one oese of the 
virulent pest organism made twelve days later. 

Second experiment .—-*The culture was heated for one hour at the same temper¬ 
ature, but in this instance all of the bacilli were not killed. A monkey inoculated 
witli one-fifth oese of this culture also showed no subsequent immunity. 

Third experiment .—The organism was heated for only one-half hour at 51° 0. 
lti this instance* many of the bacilli were also not killed, and the monkey inoculated 
with one-fifth oese of this culture died of pest four days after this primary 
injection. 

In the foregoing observations, as was demonstrated by further experi¬ 
ments, the pest bacillus was not attenuated, but was either entirely killed 
or had retained its full virulence. In the second experiment, while the 
living organisms were still present in the vaccine, their number was 
obviously too small to produce the desired immunity or even to give rise 
to any decided reaction in the animal. This was conclusively shown to 
be the case by the following observation, in which a two-day agar culture 
was suspended in 5 cubic centimeters of bouillon and then further di¬ 
luted with saline solution, so that ape A received 1 cubic centimeter in a 
dilution of 1 to 100,000; ape B, 1 cubic centimeter in a dilution of 1 to 
10,000, and ape C, 1 cubic centimeter in one of 1 to 1,000, subcutaneously. 
No apparent reaction occurred from these injections and only ape C 
showed any traces of immunity, this animal remaining alive for nine 
days following the injection of 1 oese of the virulent pest bacillus 
(although it succumbed after this period), while the other two animals 
died on the third day after such an inoculation. 

In another series of experiments, the commission attempted to obtain 
an attenuation of the organism by its exposure to the action of carbolic 
acid. However, no loss of virulence resulted by this method, the animals 
injected with the cultures which had been so treated all succumbing to 
pest infection. On account of the difficulties encountered in the attenua¬ 
tion of the plague bacillus or in obtaining cultures already attenuated, 

• Loo. oit., 303. 
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th$ ; commission abandoned the idea of employing the living organism 
for the purpose of obtaining immunity against the disease. 

Albrecht and Gohn 10 (the Austrian Plague Commission) performed 
experiments with attenuated plague cultures on eight guinea pigs and 
twenty-seven rats. Of the guinea pigs inoculated, either subcutaneously 
or intraperitoneally, with the living organism of reduced virulence, and 
later repeatedly reinoculated with increasing doses of a virulent culture, 
five finally died and three remained alive. The immunity was found still 
to be present in some of the animals seven months after the vaccination. 
It is not altogether clear why repented and increasing amounts of the 
more virulent organism were injected in testing the immunity of the 
guinea pigs, unless the authors felt uncertain of the exact virulence of 
the culture which they used or of the method they employed. 

Kolle has recently criticised some of tins experimental work more in 
detail, referring particularly to the fact that the animals were, at least in 
some cases, reinoculated with the virulent culture at too short a time 
after the vaccination, for the results of the experiments to he conclusive, 
since in some instances they might have been suffering from chronic pest 
at the time of the reinooulation. Besides this, the quantity of the bacteria 
injected in testing the immunity of some of the animals was very large. 
Twenty-one of the twenty-seven rats which Albrecht and (lolm vaccinated 
remained alive after reinoculation with the virulent organism. Only 
one experiment was performed upon a monkey; in this instance the 
animal was apparently immunized successfully, but it finally died of 
tuberculosis. Albrecht and Gohn conclude that immunity can he obtained 
in animals by employing the living pest bacillus, but that this process 
must be carried on in a careful manner in order obtain a fair degree of 
protection. Prom their experiments they were unable to decide whether 
the immunity caused by the injection of the killed pest bacillus was fully 
as great as that which resulted from the inoculation of the living 
organisms. 

Yersin and Carre 11 also performed experiments upon the immuniza¬ 
tion of rats with attenuated strains of the plague bacillus. They finally 
obtained a culture of such diminished virulence that only one-fifth of the 
animals vaccinated with this organism succumbed to the effects of the 
injection. A scries of twenty-five rats was inoculated with this culture. 
Three of these died from the effects of the vaccination and about three 
weeks later the remaining twenty-two animals were inoculated with the 
virulent pest organism, after which only one succumbed. A second series 
of twenty rats was inoculated with the same bacillus. Ten of these, 
which survived the vaccination, were later inoculated with the virulent 

10 Denkschrift d. math.-nalurw. Klasse d. Kaiserl. A had . Wien (1S08 and 1000), 
•6, 807. 

11 C(mgr6s International de Mddccine, Section de Mtidceinc et Chiruyie Militairen. 
Soua-section Oolonialc , Paris (1004), 54. 
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pest culture, when all proved to be immune. Only two control animals 
were inoculated in each of these series. This number was hardly suf¬ 
ficient to render the experiments conclusive. The authors do not state 
the size of the dose, the virulence of the organism used in testing the im¬ 
munity, and the method of inoculation. When this same attenuated 
bacillus was allowed to grow continuously on artificial media during 
forty to fifty days it was claimed that its virulence was greatly decreased, 
since of thirty rats inoculated with such a culture, none died. Later, 
on testing fourteen of these animals with the virulent pest organism, 
five succumbed. Seven apes were inoculated with another plague culture 
which, when injected into rats, killed from 40 to 50 per cent of these 
animals. None of the apes died from the effects of the vaccination. 
Apparently only two of these animals were subsequently tested for their 
immunity; these developed localized buboes, but recovered. Since the 
single ape used for control purposes also did not die we can draw 
almost no conclusions from these experiments. The amount of the 
organism employed in the vaccination or in the testing of the immunity 
is not stated. Yersin apparently was inoculated with the most attenuated 
culture (fifteen days old), but the size of the dose used in the vaccination 
is not given. Only very slight symptoms developed. At the same time, 
ten rats were injected with this culture but none died. The immunity 
of these animals had not been tested at the time the paper of these 
authors appeared. Although these experiments were reported in 1900, 
I have been unable to find any further reference made to them since 
that date either by Yersin or his colleagues. 

No extensive'or convincing experiments in regard to the value of the 
employment of the? living attenuated cultures in the immunization even 
of animals against plague had apparently been undertaken until Nolle 
investigated this subject. 

In 1902 and 1903 Kolle and Otto 12 inoculated eighteen guinea pigs 
subcutaneously with an attenuated culture of the pest bacillus. The 
organism was an old laboratory culture in which the reduction of the 
virulence had, in some unknown manner, taken place during its growth 
oil artificial media. Buboes, which later discharged and healed and in 
the pus from which a few bacilli were present, developed in the animals, 
but they showed no other evidence of sickness and subsequently entirely 
recovered. The animals were reinoculated two, three, and eight months 
later with one-twentieth to one-fiftieth oese of a pest culture (of which 
one one-hundredth oese represented the fatal dose for a normal guinea 
pig). Seven of the animals remained alive. 

In a large series of rats immunized by various methods, the loss from 
inoculation, with the living attenuated cultures, was 2.3 per cent; with 
the killed agar cultures, 33.3 per cent; with Haffkine’s prophylactic, 38.5 


18 Ztnohr, f. JJyg. (1903), 45 , 512. 
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per cent; and with Lustig’s prophylactic, 12 per cent. After reinocula¬ 
tion (for the purpose of testing the immunity of the rats), 45 per cent of 
those inoculated with the attenuated living organism, 21.9 per cent of 
those which had received the killed agar cultures, 22.2 per cent of those 
injected with Haffkine’s prophylactic, and only 12 per cent of those 
which were given Lustig’s preparation remained alive. 

However, Kolle and Otto’s further experiments on guinea pigs are more 
interesting and conclusive; for, as these authors have remarked, a prepara¬ 
tion which is recommended and used for the control of plague in human 
beings should develop a pronounced protective effect on the guinea pig, 
the animal which is the most susceptible to plague. Among fifty-nine 
guinea pigs which they immunized with other attenuated living cultures, 
thirteen died and two were killed for control purposes. The remaining 
forty-four (75 per centi were tested for their immunity. All of these 
had received but a single injection of the weakened culture; however, 
upon their reinoculation three, four, and eight months after this vaccina¬ 
tion, twenty-eight (63.6 per cent) remained alive after the injection of 
the virulent organism. Six other guinea pigs received somewhat larger 
doses of a less attenuated culture, and at the same time an injection of 
serum; five survived the vaccination and one died. The former, npon 
roinoeillation with the virulent organism, later all proved to be immune. 
Including the loss during vaccination, there finally remained alive, after 
testing the immunity, 50.8 per cent of the whole series. 

Attempts were made to immunize twenty-six guinea pigs with killed 
agar cultures, amounts as large as from one-half to one entire agar culture 
being injected subcutaneously. During the process of immunization, four 
of the animals died; of the remaining twenty-two, only two (7.7 per cent 
of the whole) proved to be immune on subsequent testing. Hardly more 
favorable results were obtained in the experiments in which killed bouillon 
cultures were employed. Twenty animals were inoculated with llafl- 
kine’s prophylatic; two of those died during immunization and of the 
remaining eighteen, only two (10 per cent) remained alive after rcin- 
oculation with the virulent organism. The method of immunization, 
in which Ilaffkine’s prophylactic was first injected and later followed 
by the introduction of the attenuated living cultures, did not give as 
favorable resists as did the living avirulent organism alone. 

In December of the past year (1904) Kolle and Otto 13 in further 
detail reported upon the immunization of guinea pigs with the attenuated 
pest bacillus. Among thirtv-four of these animals immunized with such 
a culture (Maassen V ), of which none died during the process of im¬ 
munization, twenty-one were reinoculated with a virulent organism one 
to four months after their vaccination, and of this number sixteen (76 
per cent) remained alive, and five died. Nine other guinea pigs were 
inoculated with the avirulent culture, and at the same time with plague 


Ztnchr. f . Hyg., December (1904), 48 , 390. 
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immune serum; all proved to be immune upon reinoculation with the 
virulent pest bacillus. The organism with which these vaccination ex¬ 
periments were performed possessed so little virulence that from two to 
three living, agar slant cultures, when injected into a guinea pig of 250 
grams’ weight, did not cause the death of the animal. In the experi¬ 
ments of Kolle and Otto on the vaccination of monkeys, almost all of 
the animals died from the effect of the attenuated culture or succumbed 
to intercurrent disease. 

Other experiments on guinea pigs, in which repeated inoculations of 
the killed cultures of the plague organism were employed, were also per¬ 
formed. The animals were first injected with one, then with 1.5, and 
finally with two killed agar cultures, or with 1, 1.5, and 3 cubic centi¬ 
meters of Haffkine’s prophylactic. In the process of immunizing twenty 
guinea pigs, six of the animals died from the effects of such large doses 
of the killed bacteria. The immunity of the remaining fourteen, Bix 
weeks after the last injection, was tested with the living virulent plague 
bacillus, when only one animal remained alive and proved to be immune. 

Therefore, Kollo emphasizes the fact that, if such large and repeated 
doses of the killed pest organism fail to immunize such small animals as 
guinea pigs, it seems unreasonable, from such a method, to expect yery 
favorable results in man, particularly since in the latter case the amount 
of the bacteria inoculated is so much smaller in proportion to the body 
weight, it is to bo noted that in immunizing the guinea pigs similar or 
larger doses of killed organism were employed than have been recom¬ 
mended for protective inoculation in human beings. 

It is not my purpose here further to enter into the discussion of the 
protective value of the different prophylactics recommended for the 
immunization of man against plague. I had already concluded from 
animal experiments, as well as from the fact that a number of persons 
who had received several injections of Ilaffkine’s prophylactic later sick¬ 
ened and died with plague that the killed pest organism constituted for 
man a far from satisfactory protective against this disease. On the other 
hand, the experiments which Kolle and his pupils had performed on 
guinea pigs seemed so conclusive in regard to the value of the living 
attenmted cultures in the immunization of these animals that I felt 
convinced that, if these cultures were of so low a virulence, or could be 
further so attenuated as to warrant their use in/nan, a higher degree of 
immunity could almost certainly be obtained with them than by the 
employment of the killed bouillon or agar cultures. 

Accordingly, when Professor Kolle, after some correspondence on the 
subject, kindly offered me cultures of these attenuated pest organisms 
which had been employed in his experiments on guinea, pigs, for use in 
the vaccination of human beings, I decided to carry on this work. My 
experiments in vaccination in man and animals have been performed with 
three attenuated strains of the pest bacillus, Maassen All and Maassen V 
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of Kolle and an old Manila culture which had been grown continuously 
upon artificial media for three years and whose virulence has been still 
further reduced by artificial means. The attenuation of this last culture 
was further brought about by growing the bacillus at a temperature of 
from 41 p to 43° C. in flasks of alcoholic bouillon for three weeks at a 
time, as recommended by Otto. Cultures from these flasks were then inoc¬ 
ulated on agar for many generations, a fresh generation being made every 
day for several weeks, and the organisms always cultivated at the same 
high temperature. Beginning with 0.05 cubic centimeter of absolute 
alcohol and 50 cubic centimeters of bouillon, the amount was gradually 
increased in successive cultures up to 5 cubic centimeters in 50 of bouillon. 
Before making inoculations in man, the action of the attenuated culture 
was of course carefully tested in animals. 

In the present paper it is merely my desire to call attention to the 
fact that vaccination in man can with safety be performed with attenu¬ 
ated cultures of the living plague organism, and therefore only the human 
inoculations undertaken with one strain of this bacillus will be referred 
to. 14 The organism in question (3/a. V) possesses so little virulence 
that ill a series of twelve guinea pigs and thirty monkeys inoculated with 
from one to two entire agar slant cultures, not one succumbed from the 
effects of the inoculation. 1 " It. was with this culture that, the first 
experiments were performed in human beings. Since l believed that the 
guinea pig is an equally if not even a more susceptible organism than 
man to the pathogenic action of the plague bacillus, it was presumed that 
if this animal could invariably withstand the action of such large amounts 
as two whole agar slant cultures of the organism, much smaller quanti¬ 
ties could be inoculated into human beings with safety, and indeed, before 
performing the experiments on man, 1 felt thoroughly convinced of this 
fact; nevertheless, the human inoculations were performed as carefully 
and with as much deliberation as possible. 

The first, injections were carried on upon prisoners under sentence of 
death; in the first case one-hundredth oese of the attenuated culture 
was inoculated subcutaneously without any noticeable effect. After ten 
days, ten other individuals were inoculated with the same dose, in order 
to demonstrate that no special natural immunity against the plague 
organism had been existent in the first, instance. In this manner the 
amount of living organisms given was gradually increased, a single person 
being first inoculated with the larger dose and then, after it had been 
observed that no unfavorable effects occurred, from five to ten other 

14 The results of these experiments were cotninuiueiited in a paper read before the 
Manila Medical Society at its meeting on November 0, 1905. 

“But one of the animals of the series perished. Monkey No. 1299 died aliout 
twelve hours after inoculation with the avirulent pent organism, of a staphylo* 
coccus and streptococcus pyemia which had existed prior to the inoculation. A 
large suppurating wound existed over the abdomen. 
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persons were also treated with the same amount of the vaccine. This 
method of procedure was adopted in order to minimise the danger of 
inoculating a very susceptible individual with a dose which might prove 
disastrous. It was argued that if ten persons selected at random with* 
stood the inoculation of a certain amount of the organism without 
developing unfavorable symptoms, a single individual, also selected at 
random, could probably receive a slightly larger dose without great 
danger. In this manner as mentioned the dose was gradually increased 
until one whole agar slant was inoculated. No attempt has been made 
to inject a larger amount of the organism, since from experiments per¬ 
formed on animals it has been concluded that a sufficient immunity in 
man will probably result from an inoculation of this quantity. Up to 
the present time forty-two persons have been injected with this large dose 
(one twenty-four hour agar slant culture) of the living bacillus, and, 
although the inoculations which I include in this report were all per¬ 
formed more than two months ago and the individuals treated have been 
under constant surveillance, I have no accident to report. 

Surprising as it may seem, the injection of these large amounts of the 
living plague organism have not given rise to any very severe reactions. 
A few hours after the inoculation, the temperature of the individual 
usually begins to rise. When the injection has been given in the morning 
the fever may, on the evening of the first day, reach 38.9° to 39.4° C. 
(102° to 103° F.), but rarely has it touched 40° C. (104° F.). On the 
following day, in none of the cases was the temperature above 38.9° C. 
(102° F.) and usually not above 37.8° O. or 38.3° C. (100° or 101° F.) 
and on the third one it generally was normal. Occasionally the eases 
showed a moderate leucocytosis after the large injections. The organisms 
were always suspended in 1 cubic centimeter of .085 saline solution and 
the inoculations were made deeply into the deltoid muscle. On the day 
after the vaccination there usually was distinct induration about the point 
of injection, with some soreness on pressure, but these symptoms subsided 
in one or two days. No suppuration ever occurred. A careful study of 
the blood serum has been made in twenty-nine of the human cases; ag- 
glutintative tests have been performed with the virulent plague organism 
and the anti-infectious power of the scrum has been tested in rats. A 
detailed report of all the experimental work will appear in a future 
number of this Journal. 

It was interesting to observe the length of time during which these 
avirulent pest organisms remained alive in monkeys after subcutaneous 
inoculation, and for this purpose a series of ten animals was injected 
upon different days, the cultures being taken at periods of from one to 
twenty-four hours after the inoculation. The abdomen of the animal 
was first shaved, and the injection made subcutaneously. The skin was 
then carefully massaged until apparently the fluid was completely ab¬ 
sorbed. At the time the culture was to be taken, the skin of the abdomen 
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was scrubbed several times with ether and alcohol and a small incision 
made with a sterile knife through the dermis. * The cultures were then 
made from the drops of blood which oozed from the incised wound. 
Usually, when the injection is made beneath the skin of the abdomen, 
after a few hours an (edematous swelling, which may not entirely disap¬ 
pear for from twelve to twenty-four hours, appears near the point of 
inoculation. 

The different series of cultures made from the animals have shown 
that six to eight hours from the time of inoculation the organisms are 
still very numerous in the tissues, after which time they gradually 
disappear, so that the cultures made twenty-four hours subsequent to the 
injections remain sterile. It seems probable that the more resistent 
organisms are those which remain alive the longest, and that there is 
here a true survival of the fittest. A trial is therefore being made to 
ascertain whether it is possible to increase the virulence of these atten¬ 
uated pest strains by sucli a procedure. As soon as the cultures made 
from the blood of one animal develop, they are inoculated into another 
monkey, and so on through a long scries. It seems possible that such a 
method may have certain advantages over that in which the organisms 
are inclosed in celloidin sacs and placed in the abdominal cavity of 
animals. Kollo and Otto have shown that it is very difficult or impos¬ 
sible to increase the pathogenesis of more virulent strains of pest bacilli lft 
by repeated passages through guinea pigs; but this need not necessarily 
be true with more avirulent strains. 17 

It may be questioned whether the organism which has been employed 
in these human inoculations is really a strain ot Bacillus pestis. There¬ 
fore, while it is not considered necessary in detail here to relate the 
immunity reactions, morphology, etc., of this organism, it may be stated 
that unquestioned proof of this lies in the fact that 1 have vaccinated 
both guinea pigs and large numbers of monkeys with this culture and have 
later shown them to possess high and undoubted pest immunity by 
subsequently inoculating them with large amounts of virulent plague 
bacilli. Indeed, with no other method of inoculation have I been able 
to obtain such favorable results as with this pest vaccine . 

Allusion has bqpn made in other places to the similarity between 
certain of the immunity reactions of plague and of rinderpest. The 
present method of human vaccination against plague may be compared 
with that first recommended by Robert Koch in the immunization of 
cattle against rinderpest. Koch used the bile of animals which had died 
of this disease and in which perhaps the living attenuated organism of 
rinderpest exists. Doubtless a higher immunity in man against plague 
could be obtained were a more virulent culture of the pest bacillus 

19 Those which kill the animal. 

"Those which are not capable of causing the death of the animal, even in large 
amounts. 
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injected and at the same time a dose of antiplague serum inoculated, 11 
hut there undoubtedly would be a mortality by such a method, just as in 
rinderpest there is always a certain fatality among cattle when the 
virulent blood and antirinderpestic scrum arc injected simultaneously, 
and therefore such a method of immunization, though valuable for 
animals, can not be recommended for man. Moreover, it is questionable 
whether any higher immunity in human beings than that which can be 
obtained from the attenuated, harmless culture is usually necessary. 

In publishing for the first time the results of my vaccinations in 
human beings against plague, I wish to sound a note of warning against 
the employment of other strains of living pest bacilli for this purpose. 
Inoculations should not be made in man, unless the investigator can 
guarantee the organism with which he is working to be of sufficient 
attenuation to lx* no longer dangerous for human beings. Strains of the 
bacillus which invariably no longer kill guinea pigs in doses of two entire 
forty-eight hour agar slant cultures are probably safe in very small 
amounts for human beings. Unless excessive precautions are taken in 
inoculations of living plague bacilli, disastrous results will surely follow. 
It seems probable that by pursuing proper methods for sufficient periods 
of time all strains of pest bacilli perhaps can be attenuated sufficiently 
to be safe for the purposes of human inoculation; although in some 
instances it may take several years to bring about such a result. I 
believe that the avirulent pest culture witli which these experiments were 
performed is at present hardly more dangerous for inoculation in man 
than is attenuated vaccine taken from human beings suffering with 
smallpox. 

In concluding this preliminary report I wish to express my thanks to 
Professor Kolle for two of the avirulent p<*st cultures and again to call 
attention to the fact that it-was the careful and extensive work on this 
subject which lias come from his laboratory during the past two years 
which convinced me of the value of the living attenuated plague cultures 
in immunization and which caused me to undertake this further study 
of the question in man and animals. 11 * 

‘"My experiment* have convinced me thut in pest (an in cholera) unquestionably 
a higher immunity in animals can he obtained with the more virulent organism 
than with the less virulent one. The pest bacillus therefore may differ from the 
typhoid organism in this respect, since Wasserraan has shown that this phenom¬ 
enon does not necessarily result with the latter bacterium. 

‘•While this article was in press there reached Manila the Centralhlatt fUr Bah - 
teriologic [(1005), 39, 610] containing a report of the experiments of Hueppe and 
Kikuchi on immunization of animals against plague by means of “aggressin” 
obtained according to the method of Bail [Archiv. f. Hyg. (1005), 52 , 272]. 
The value of immunization with plague “aggressin” prepared after the method 
of Wassermann [Wassermann, and Citron, Deutsche Mcdiziniaehe Wochensehrift 
(1005), 31, 1101] as compared with that of the living attenuated plague organism 
will lie discussed in the more complete report. 



PHILIPPINE WOOD OILS. 


By A. M. Clover. 

(From the Chemical Laboratory , Bureau of Science.) 


In a study of tropical forest products there are encountered as exuda¬ 
tions from trees a great variety of substances, all of which may appro¬ 
priately be termed resins. They appear and are collected in different 
physical conditions which are modified by the rapidity with which they 
issue from the tree and the rate at which they dry or harden thereafter. 
The latter function is dependent upon the relative amounts of water, oil, 
and solids which are found in the resins and upon the chemical composi¬ 
tion of the oil. Accordingly, many resins arc encountered in the solid 
form and contain very little volatile matter, whereas others collect upon 
the tree in a plastic condition and still others harden so slowly that, they 
are removed as fluids. 

The members of the latter class which have been differentiated in a 
study of the resinous products of the Philippine islands have shown 
among themselves a similarity in chemical composition and a likeness to 
other known products to such an extent that they may appropriately be 
placed in a class by themselves and designated as wood oils (a term 
sometimes applied to gurjun balsam). A wood oil is therefore a fluid 
resin of very slight “drying” power and containing a high percentage of 
volatile matter; the oily portion of this volatile matter sometimes is as 
much as 75 per cent of the total resin and consists entirely of bodies 
belonging to the sesquiterpene group. In no case has a low-boiling or 
terpene oil been observed in this class of products; but on the other hand 
the viscous resins nearly always contain terpenes and the relative amount 
of oil found in them seldom exceeds 25 per cent. 

OIL OF supa. 

The tree (Sindora wallichii Bentli) yielding this oil is said to be widely 
distributed over the Islands. The sample qxamined was sent to the lab¬ 
oratory from the Province of Tayabas, where in certain localities it is 
reported to be used as an illuminant, but no information concerning its 
use in other parts of the Islands could be obtained. A freshly cut tree, 
so it is stated, yields about 10 liters of the product, to obtain which it is 
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necessary to. make a cavity in the trunk. Botanical specimens of the 
tree from which the sample under consideration was taken accompanied 
it and they were identified by Mr. Merrill, of this Bureau, it being the 
species given above. The oil is quite mobile, perfectly homogeneous, light 
yellow in color, with a slight fluorescence and a feeble but characteristic 
odor. 

Specific gravity, ~ 0.9202. Optical rotation, —31°.3 (10 centimeters, 30°). 

When eooled below 20° it begins to deposit white, flaky crystals; these increase 
in amount as the temperature is lowered. The crystals are those of a hydro¬ 
carbon, melting at 63° to 04°, and occurring in the oil to the extent of a few per 
cent. The oil completely dissolves in ail the ordinary solvents, excepting alcohol, 
which causes the separation of the white crystalline hydrocarbon already referred 
to. Oil of Supa takes up oxygen slowly from the air and fipally hardens, several 
weeks being necessary for the drying of a thin film. 

Volatile portion .—When Oil of Supa was subjected to steam distilla¬ 
tion, a colorless oil was slowly carried over, the process being continued 
until most of the latter products had been removed. On allowing the 
distillate to stand until it was perfectly clear it allowed a rotation of —21° 
(10 centimeters, 30°). It was impossible to obtain a constant-boiling 
product from the latter upon fractioning under diminished pressure. At 
40 millimeters nearly all of the oil passed over between 143° and 149°, 
the residue apparently being as fluid as the distillate and indicating no 

( 30°\ 

jjgo 10.9053 and 

when redistilled it boiled between 255° and 267° (760 millimeters) with 
practically no residue. In order to save time it was found to be more 
convenient to remove the volatile oil by direct distillation under reduced 
pressure. With a pressure of 40 millimeters the temperature of the dis¬ 
tillate gradually rose to 170°, at which point nearly all of the volatile 
portion was removed, the total quantity in the receiver consisting of 
about 73 per cent of the original sample, and containing only a slight 
amount of water. The residue was light brown in color and became 
semisolid on cooling; it dissolved in all the ordinary solvents, excepting 
alcohol, which separated the solid hydrocarbon referred to above. The 
distillate was colorless and practically remained so on standing in a 
closed vessel. It had the feeble, but characteristic, odor possessed by the 
steam-distilled oil, and on refractioning at 40 millimeters it almost com¬ 
pletely passed over within 7 ? . No low-boiling substance was noted, and 
after repeated distillation it was not found possible to obtain a much 
more constant-boiling product. The oil probably is a mixture of sesqui¬ 
terpenes, as cadinene was proven to be present. The absence of bodies of 
an alcoholic nature was demonstrated by the fact that neither sodium 
nor phosphorus pentoxide in benzol have any action on the oil. On 
passing hydrochloric acid gas into a solution of the distillate in acetic 
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acid, cadinene hydrochloride, as described by Wallaeh' (melting point 
117° to 118°), separates. 

0.1878 gram substance gave 0.1920 gram AgCI. 

Required for C 15 H 24 , 2 HCl Found 

IVr cent. Per cent. 

Cl. 25.0 25.8 

The liydrobromide was also prepared and recrystallized from ligroin. Its melt¬ 
ing point (118° to 125°) corresponds to that obtained by Wallaeh. 

On saturating a solution of one part of the distillate in four parts of 
glacial acetic acid with hydrochloric acid gas at 5°, the hydrochloride 
soon separated in considerable quantity. The solution was kept saturated 
for several hours and then allowed to stand for a day. It was then cooled, 
filtered quickly with suction, and washed with alcohol. Twenty grams of 
the hydrochloride were obtained from 45 grams of the oil. To convert 
the hydrochloride into cadinene it was heated with excess of aniline at 
150°; aniline and aniline hydrochloride were removed with dilute acid 
and the remaining product was distilled with steam and redistilled under 
diminished pressure. It boiled at 164? to 165° (38 millimeters). Not 
enough of the substance was at hand for a determination of its specific 
gravity. Rotation, —39° (5 centimeters, 30°). It will be noted that the 
treatment with hydrochloric acid gas only partially converted the oil into 
cadinene hydrochloride, but a separate determination of the total amount 
of hydrochloric acid which the oil takeB up under the conditions of the 
above experiment demonstrated that if it be considered as composed of 
sesquiterpenes, then, for every molecule of the latter it contained two of 
the gas. 

It is evident that cadinene constitutes a largo portion of the distillate 
from Oil of Supa. As to the remaining constituents nothing definite 
can be said, for no other crystalline derivatives could be obtained from 
the oil, although many attempts were made. One experiment in this 
direction was (Specially interesting because it resulted in the conversion 
of the oil into a constant-boiling product. 

Twenty grams of the distillate were added to 100 cubic centimeters of alcohol 
and 5 cubic centimeters of dilute sulphuric acid (1 to 5) and heated for seven 
hours on a water bath with reflux condenser. Afterwards the alcohol was almost 
entirely distilled and the residue thoroughly shaken with water, after which it 
was dried and distilled under reduced pressure. The distillate passed over within 
5°, leaving a small amount of a tarry residue. On redistillation the product 
passed over completely at 161° to 103° (37 millimeters). At 760 millimeters it 
boiled from 271° to 274°. (Cadinene of Wallaeh, 274° to 275°.) Rotation, 
+10.2° (10 centimeters, 30°). Specific gravity, ^?£-)=0.017«. The oil possesses 

a slight odor which resembles that of cadinene but which is quite distinct from 
that of the original Oil of Supa. To judge from the boiling point, it would 
appear to he almost pure cadinene; however, it is dextro-rotatory, whereas the 

'Ann. d. Chemie ( Liebig ) (1887), 238, 80. 




194 


cadiucne prepared from the hydrochloride is strongly laevo*rotatory, and the 
amount of eadinene hydrochloride which can be obtained from it is no greater 
than that which can lie separated from the original distillate. 

The distillate from Oil of Supa absorbs oxygen when it is exposed to 
the air and it gradually becomes viscous; in a thin layer it slowly hardens; 
a piece of muslin saturated with the oil and exposed to the action of the 
air so as to avoid evaporation Bhowed an increase in weight of over 10 
per cent in three weeks. This absorption is accompanied by a slight 
darkening in color. When a current of air is drawn through the oil at 
200°, oxygen is very rapidly absorbed and the product becomes viscous 
and dark colored. The optical rotation of the distillate, removed at 
ordinary pressure, was found to be only —5.4° (10 cubic centimeters, 
30°), while that of the steam-distilled product under the same conditions 
is—21°. This lowering of the rotation is due to the heating to which the 
nil is subjected by the former process, it being ascertained that by con¬ 
tinued heating at the boiling point, the optical activity is entirely 
destroyed. 

A study of the effect of heat upon the viscosity of the oil demonstrated 
that very little if any change occurred when it was kept at 250° for ten 
hours; the specific gravity of the product increased by 0.002, but there 
was no noticeable alteration in the boiling point. 

Non-volatile portion .—This consisted of about 27 per cent of the total 
and remained as a residue after the distillation of the lower boiling 
substances at 40 millimeters was completed; after this point, even under 
greatly diminished pressure, decomposition began. The residue in part 
consisted of a solid body which separated on the addition of alcohol. It 
was recrystallized from the latter solvent, filtered to as dry a condition 
as possible, and then completely desiccated in vacuo . 

The crystals cling together and are flaky and soft, melting at 63° to 65°. Their 
boiling point is very high, but heating in a test tube over a free flame causes no 
decomposition. The body is unaffected by alcoholic potash and it does not evolve 
hydrogen when treated with melted sodium. 

0.2080 gram substance gave 0.8304 gram CO, and 0.3602 gram H a O. 

0.1404 gram substance gave 0.4638 grain CO, and 0.2010 gram H a O. 

Found 



(i) 

(2) 

c 

86.48 

86.02 

II 

14.94 

14.61 

Total 

100.37 

09.63 


It is evident from the analyses that the body is a hydrocarbon. In 
chloroform solution it does not add bromine and on warming with dilute 
potassium permanganate the latter is not decolorized. Substances of the 
same type have previously been observed in resinous products and essential 
oils. 2 


* Gildcnieister und Hoffmann: Die Aetheriechen Oele, 158. 
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• The saponification number of tbe residue was found by the usual method to be 
64; and under the same conditions the free acid value was 60. Thom; numbers 
show that the amount of saponifiable matter in the residue is practically nil. On 
taking up the product in ligroin and extracting it with n 10 per «?ent solution of 
caustic potash nothing is removed. On digesting it with a small amount of 
alcohol, which dissolved all but the hydrocarbon already considered, the latter was 
shown to constitute 26 per cent of the residue and accordingly, about 0 per cent 
of the original Oil of Supa. The remaining portion, after the evaporation of the 
alcohol, had the consistency of a thick sirup. On treuting this with alcoholic 
potash on the water bath for several hours it suffered a change and it was then 
largely soluble in a solution of fixed alkali, notwithstanding the fnet that the 
saponification number indicated no alteration by this treatment. 

BALAO: OIL OF APITONG. 

Several products from different sjavies of the genus Dipterocarpus 
are utilized by the natives of the Philippines, hut in this paper only the 
discussion of the viscous, slowly drying fluid products which may appro¬ 
priately be termed wood oils will be entered into. The most widely used 
are those from the species ijrandijlum and re mi flu as. the oil from the 
former being generally known as Balao . and the tree from which it is 
derived as ApUong; that from tilt* later as Mala pah a, the tree being 
termed Panao . Besides the above there are several other wood oils of 
the same class which are used to a smaller extent. All of these products 
are similar in composition ami consist of a solid resin, of water, and of 
from 25 to 40 per cent of a volatile oil. From the information which has 
been obtained it appears that their chief use is in calking small boats and 
furnishing a protective varnish for wood. For these purposes they are 
generally mixed with some other solid resin or with lime. At times they 
are also said to be used for illuminating oils and for torches. 

Balao, according to the reports of the Bureau of Forestry, is a product 
which is in common use in nearly all of the provinces of the Islands. It 
is secured by allowing the resin to collect in a cup-shaped cavity which is 
cut in the tody of the tree. As the flow decreases, the cup is cleaned, or, 
if an insufficient supply has passed, the resin is ignited in situ, which 
o}>eration greatly increases the rapidity of the flow, although the product 
obtained by this means is dark in color, the maximum yield per day from 
a tree probably being not more than 1 kilo. The freshly exuded resin is 
white in color, but on standing it soon darkens. When spread upon a 
surface it slowly hardens to a tough varnish. The samples of this resin 
which were examined were from three different provinces, there being 
no doubt as to the totanieal identification of the tree. The resin, as it 
is obtained under ordinary conditions, is a viscous fluid, which is more or 
less colored according to the time during which it has stood and to the 
amount of dirt and bark which may have found their way into it. It is 
not homogeneous, as it contains a large proportion of a granular solid 
which is immiscible with the fluid, and which remains in suspension. It 
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possesses a feeble, but characteristic, odor which serves to distinguish it 
and its oil from other similar products. It appears to dissolve in all the 
ordinary solvents excepting alcohol, although observations as to solu¬ 
bility are unsatisfactory because of the suspended water which, is always 
present and which does not separate. When the resin is mixed with 
sesquiterpene oil and the mixture is heated at 140° in an oil bath, some 
of the water is gradually driven off, although it is necessary to heat to a 
much higher temperature in order to remove all. A clear solution is 
finally formed, but on cooling the product, because of the separation of 
a gelatinous substance, becomes semisolid. Its behavior with fatty oils is 
precisely the same. A clear solution is formed on heating to expel water, 
but a precipitation occurs on cooling. This point is important, as it 
concerns the use of the product for the manufacture of varnishes. 

Although Balao is fluid at ordinary temperatures, it hardens when 
it is treated with steam and it then becomes much too viBcous for the 
latter to penetrate it. Therefore, it is impossible to remove more than a 
trace of oil by this method. The separation of the volatile products 
from the resin by distillation under reduced pressure is an impossibility 
because of an uncontrollable foaming at the beginning of the operation 
and subsequently on account of the fact that the partially dehydrated 
residue turns nearly to a solid at the temperature at which the oil passes 
over. When the resin is gradually heated in a distilling flask which is 
immersed in an oil bath, only a portion of the water is removed by the 
time the temperature of the bath has been increased to 200°. In order 
successfully to remove all of the latter it is necessary to apply a free 
flarne, under which treatment the solid residue gradually melts, and the 
water, together with a considerable quantity of oil, distill. The continued 
formation of so much water at a comparatively high temperature, while, 
at the same time, a large amount of sesquiterpene is being carried over, 
seems to show that the former liquid is chemically bound in the original 
oil; however, the combination evidently is not very stable. There is no 
evidence that the water is formed by destructive distillation resulting 
from the superheating of the resin, as the distillate is nearly colorless 
and no odors to be referred to decomposition products .are noticeable. 
Oil continues to distill over on continued heating after all of the water 
has been driven off; this oil is almost colorless at first, but, as the 
temperature is increased, the distillate gradually assumes a reddish-green 
color and at 270° (vapor) there is evidence of decomposition in the 
flask. 

The. process just described was the only one found to be practicable 
for the study of the resin, and accordingly it was applied to the several 
samples which were examined. In all, about 50 per cent of the original 
substance was left in the flask as a residue, the remaining 50 per cent 
consisting of water and oil, the amount of the latter ranging from 22 to 
28 per cent. This difference in the oil content may be due to variations 
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in the manner of gathering the renin, whieh may permit the evaporation 
of an Indefinite quantity of water, or may be canned by differences in the 
eoinposition of the resin taken at different times of the year, or from 
trees of different ages. The residue, after distillation, is a dark-colored, 
brittle product which evidently in of little value unlesn it were to yield 
useful products as a result of destructive distillation. It readily and 
completely dissolves in chloroform, partially so in ether (leaving a white 
sediment), not at all in alcohol, and slowly and completely in boiling tur¬ 
pentine* The heating of this resin was continued and it was subjected to 
a slow destructive distillation, the temperature being so regulated that the 
thermometer in the vapor did not run higher than 250°. The oil obtained 
os a distillate constituted (»2 per cent of the original by weight and a 
very small amount of water was formed. On refractionation this prod¬ 
uct gave 28 per cent below 250° and 40 per cent between 250° and 300°. 
Beyond 300° the distillate was of the consistency of rosin oil. The first 
fraction was of a light-green color and contained a very small proportion 
boiling below 200°. 

The oil first obtained by direct distillation of Balao to 270°, after its 
separation from water, passed over almost completely between 2G0° and 
264° (760 millimeters). No low boiling oil was present. A sample 
fractioned twice under reduced pressure showed a boiling point of 151° 
to 154° at 40 millimeters. 


4ts optical rotation was 78°.f» (10 centimeters, 30°) and its specific gravity 



-=0.0127. 


It. was colored a slight yellow and had the characteristic odor 


of Balao. Another purified, specimen obtained from a different sample showed the 
same boiling point. It had a rotation of 4-87° (10 centimeters, 30°) and a 


specific gravity of 


0.9131. 

\30°/ 


During the removal of this oil from the resin it was necessary to 
subject the latter to a high temperature by heating with a free flame. 
Such a process is not favorable to the isolation of a substance in the 
pure condition, and, as already stated, the oil can not be removed from 
the resin with steam; so that an expedient was resorted to whieh con¬ 
sisted of mixing it with equal parts of another non-volatile oil by which 
means it was possible to isolate the volatile matter from the resin at a 
lower temperature. Coconut oil which had been thoroughly treated with 
steam, so as to remove all traces of volatile matter, was used. 


The product so obtained redistilled at 140° to 152° (37 millimeters. It was 
light yellow in color, showed a rotation of +61-3° (10 centimeters, 30°) and a 

specific gravity of 0.9140. 

The range in boiling point of this oil is greater than is usually shown 
by a single, pure chemical substance, but considering its origin and its 
point of ebullition, it unquestionably is a sesquiterpene, or a mixture of 
881M——4 
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thin class of bodies. Its deportment toward dehydrating agents and 
toward metallic sodium shows that it contains no substances of an alco¬ 
holic nature; furthermore it readily adds halhydric acids and bromine* 
Despite many attempts, it was not possible to secure from the oil a 
solid derivative which could be purified by crystallization. Products 
similar to this one are found in many of the essential oils of commerce, but 
besides cadinene, which has already been considered in a previous part of 
this article, in only one case have investigators been able to isolate, either 
directly or indirectly, an individual substance from such products. By 
treating certain fractions obtained from oil of cloves and oil of copaiba 
with a mixture of acetic and dilute sulphuric acid, Wallach 3 isolated a 
crystalline substance having the. empirical-molecular formula required for 
a sesquiterpene hydrate, the hypothetical mother substance of which was 
named caryophyllen. The application of this treatment to the oil from 
Balao did not give rise to a solid derivative. A number of definite bodies, 
having the geueral formula C 10 1I 10 and known as terpenes, have been 
shown to exist, but it is very seldom that they can be separated in a pure 
condition by the ordinary physical methods. The application to sesqui¬ 
terpenes of the methods by which the individual terpenes have been suc¬ 
cessfully isolated and identified has not led to fruitful results, and a 
very interesting field is here offered for a more exhaustive study of this 
interesting and important class of bodies, with a view primarily of iden¬ 
tifying and separating the individual components of the sesquiterpene 
mixtures. 

MALAPAHO: OIL OF PANAO. 

Several samples of this product, each accompanied by botanical mate¬ 
rial, were examined. The species was determined to be Dipterocarpm 
vernicifluus Blanco. The resin does not appear to be so widely used as 
Balao, probably because it dries much more slowly. The method ap¬ 
plied to its extraction from the tree is identical with that used for Balao; 
it is said that a flow of a gallon per day is sometimes obtained. The fresh 
resin is a white, viscous, sticky fluid having a characteristic odor which 
serves to distinguish it from other similar products. It absorbs oxygen 
from the air and on standing becomes dark brown in color. Kven when 
exposed in a very thin film, it hardens very slowly. On heating the resin 
to 100° its mobility increases, this behavior being different from that of 
Balao. It appears completely to dissolve in ether and chloroform with 
the exception of the separation of water ; it is only partially soluble in 
alcohol and benzol; none of its constituents dissolve in water. All of 
the different samples were found to consist of water, sesquiterpene oil, 
and solids. On subjecting the resin to distillation with a free flame its 
behavior is similar to that of Balao. A fresh sample from Ambos Oama- 
rines gave 25 cent of water, 55 per cent of oil, and 40 per cent of solid 

•Ann. rZ. ChvmUf (Liebig) (1802), 271, 288. 



residue. The distillation was discontinued at the point where decom¬ 
position became evident. Another sample showed a somewhat different 
percentage of water and of oil, the difference probably being due to the 
time and method of collecting. 

The sesquiterpene oil obtained from Miilapaho redistilled almost completely 
between 256° and 261® at 760 millimeters, which is a little lower than the boiling 
point of the oil from Balao. On further purification under reduced pressure «i 
perfectly colorless product was obtained, boiling almost entirely within .‘1°. 
Specific gravity, 0.0165. Rotation, —54° (10 centimeters, 30°). 

The solid product resulting from the distillation of Malapalio is similar 
to that from Apitong, although lighter in color. When subjected to de¬ 
structive distillation it yields about 50 per cent of a liquid which partly 
refractions between 200° to 300°, leaving a residue which has the con¬ 
sistency of rosin oil. As was the case with Balao, it was not possible 
further to identify any of the constituents of the volatile oil of Malapaho. 

GENERAL. 

The products considered in this article are to he classed with two woli- 
kuown commercial substances, namely, the balsams of copaiba and gurjun. 
The Oil of Supa more nearly resembles these balsams than do the other 
products, since it contains no water and the residue left after distilling 
the volatile oil is viscous. The Diptcrocarpus wood oils are composed of 
a large percentage of water, and after the distillation of the oil, leave solid 
residues. 

Balsam copaiba is a wood oil obtained in South America from various 
species of the order Gopaifcra . The descriptions found in the literature 
regarding this product and its volatile oil vary so much and are so con¬ 
tradictory that it is impossible to obtain anything hut a very general 
idea concerning it and its constituents. Tn general, the balsam may he 
said to consist of resinous bodies dissolved in a large proportion of a 
volatile oil which boils between 250° and 275" ami may be removed by 
direct distillation. No definite substances have ever been identified in 
it or isolated from it excepting the hypothetical sesquiterpene caryo- 
phyllcn. A sample of copaiba balsam purchased from a drug house in 
Manila was a dark-colored, transparent, homogeneous liquid. The vol¬ 
atile oil contained in it was removed by distillation under reduced pres¬ 
sure and constituted 38 per cent of the total. There was no water in 
the product. The oil redistilled within 11 u (12(>° to 137° at 20 milli¬ 
meters) and was practically colorless. The nonvolatile portion of the 
copaiba balsam was viscous. 

Gurjun balsam (also known as Indian wood oil) is a product widely 
used throughout southern Asia. Within comparatively recent years it 
has been introduced into Europe, and is now a regular article of com¬ 
merce. It is stated to be derived from different species of the Diptero- 
carpus family. The product has never been the subject of thorough 
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chemical study and the few superficial examinations which have been 
made and recorded do not show much agreement, other than that the 
volatile oil boils within a narrow range of temperature at about 255°. 
The balsam is used in India for preparing varnishes and in adulterating 
essential oils. It is often stated to be sufficiently mobile to permit of 
filtration, to possess a fluorescence, and to coagulate on heating. A sample 
of this product purchased from a drug Arm in Manila was found to 
contain M per cent of volatile oil capable of being removed by direct 
distillation. Only a trace of water was present and the residue was 
viscous. 

The violatile oil redistilled within 2° (154° to 150° at 48 millimeters) and 
showed the following constants: Rotation, +53° (10 centimeters, 30°). Specific 

gravity, (Jj°) = 0.9103. 

This gurjun balsam was completely soluble in all the ordinary solvents 
excepting ligroin, in which it showed a decided turbidity, differing in 
this respect from the sample of copaiba balsam and also from Oil of Supa; 
it is also distinct from each of these products in the composition of its 
volatile oil, as is indicated by the boiling point. Gurjun, ns well as 
copaiba, is produced by making a deep cut, or cavity, in the trunk of the 
tree near the base. Into this the resin exudes rapidly, amounting in 
individual instances to from 50 to 180 liters. 4 After the exudation has 
diminished, a fire is built in the cavity or on the ground below it, which 
means greatly increases the flow. 

Prom such a general knowledge of the balsams of copaiba and gurjun 
as it is possible to obtain, it appears that Oil of Supa is a very similar 
product and that it should prove valuable for the same uses. Copaiba 
and gurjan, as well as the oil distilled from them, are used for like 
purposes in medicine. Considering that these oils are not identical and 
possibly have nothing in common, except that they belong to the class 
of sesquiterpenes, it seems very probable that the volatile oil from Supa 
could be put to the same uses. The Oil of Supa could also be utilized 
in the ways mentioned, namely, in making varnishes, paints, and trans¬ 
parent paper, and in the adulteration of other oils. 

In connection with these products the resin from the Dipterocarpus 
tree, Mayapis (Tagalog), is of interest. This product is considered by 
Dr. Tavera in his book “Medicinal Plants of the Philippines” to be iden¬ 
tical with gurjun balsam. A sample of the resin from Mayapis was 
obtained from Bataan Province. On examination it proved to be quite 
similar to the two Dipterocarpus wood oils which have already been 
considered. It contained 15 per cent of water and 25 per cent of sesqui¬ 
terpene oil, which could be removed by careful distillation without 
decomposition. The residue was quite hard. 


4 Wironor: Die Rokstoffc dee PfUmztmrviches. 
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Hie oil redistilled at 17 millimeters, possessed tho characteristic odor of the 
resin, and was very light yellow in color. Hniling point, 132° to 140° (17 milli* 

meters. Specific gravity, — 0.9060. 

The mayapis resin was light colored, apparently homogeneous in com¬ 
position, and so viscous that it could scarcely be poured. When heated to 
100° it hardened, end exposure to the air produced the same effect, 
changing it to a pearly, white solid. It dries much more rapidly than 
do either Balao or Malapaho. The scientific name of the tree yielding 
Mayapis resin is JHpierocarpm anisoptera vidaliana , and Mr. Merrill 
states that this species has never been encountered outside of the Philip¬ 
pines. Most of the properties of the sample I worked with—namely, 
the high per cent of water, behavior on heating, low percentage of oil, 
consistency, and boiling point of the oil—are different, from those gen¬ 
erally given for gurjun balsam. 

Balao and Malapaho are largely used by the natives of the Philippines 
for purposes I have already mentioned, but their application is duo to a 
lack of better material. As varnishes they dry too slowly ever to be 
considered by the side of modern products. Balao is superior to the 
other in this respect and gives a very tough and durable coating. The 
drying properties of those wood oils might be enhanced by the addition 
of drying oils were it not for the fact that the admixture is not practi¬ 
cable. If practical uses are ever discovered for sesquiterpene oils, then 
these resins may be of value as a source of the latter, also the products 
of destructive distillation which have boon previously discussed probably 
largely consist of sesquiterpenes, and at the same time the higher boiling 
and more viscous portions produced by this decomposition could be put 
to uses similar to those of rosin oil. 

Sesquiterpenes. —Bodies of this type in small quantities have been 
known for many years, as they occur in nearly all the essential oils of 
commerce, but the latter generally are expensive and their constituents 
have been looked upon as rare substances. It is unfortunate and strange 
that the sesquiterpenes of copaiba and gurjun have never been the subject 
of serious study. The latter products, as well as those considered in 
this article, are very largely composed of sesquiterpenes, so that if a 
demand were ever created for chemicals of this type there would be an 
abundant supply. The sesquiterpenes would probably be inferior to 
terpenes for most of the present uses of the latter because of their 
being practically nonvolatile. However, this property might allow of 
their use as solvents in various industrial operations where turpentine is 
inadmissible. Just as is the case with turpentine, they dry slowly in 
the. air, forming a tough varnish, and they might, to a limited degree, 
profitably be used with the latter for the thinning of paints and varnishes. 

In this connection one other point is to be considered. The sesquiter¬ 
penes have never received the thorough investigation which they merit 
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as a distinct and widely distributed class of substances, and it does not 
seem unreasonable to expect that, when they have received such study, 
important practical uses will follow as a result. There will then be a 
demand for the products yielding them. It is a very remarkable fact 
that we have so High a percentage (from 35 to 80) of volatile sesquiter¬ 
penes in most of these wood oils, while the resins yielding terpene oils 
very seldom have a content of more than 25 per cent of the latter, and 
the proportion is generally much less. 

1 wish to return thanks to Dr. H. N. Whitford, of this Bureau, for 
his valuable and willing help in securing some of the material used in 
this work. 



ORBITOIDES FROM THE BINANGONAN LIMESTONE. 

(WITH SOME NOTES ON EARLY CONNECTIONS BETWEEN FORMOSA. 
THE PHILIPPINES. AND JAVA. 1 ) 


By W. D. Smith. 

[From the Division of Mines, Bureau of Brie nee.) 


On looking ovit some samples of fossiliferous limestone collected by 
Mr. II. M. Ickia, of this Bureau, from the classic Binangonan locality, 
some forms which resembled Orbit (rides were noted. Some time later it 
was iK)ssibh; for the writer to make a trip to this same locality, on which 
occasion he collected more material and obtained some data with reference 
to the field relations of the formations. 

On closer study, the forms were seen to be, without an exception, 
species of Orbitoides, and no Nummulites were detected. However, 
Richthofen 2 may have seen Nummulites there also. Thin sections were 
made and studied in connection with the admirable sections of similar 
forms from Formosa and the Bin Kill Group, 3 which were sent by 
Professor Koto, of the Imperial University of Tokyo, to Messrs. Newton 
and Holland and described by them. 

In 18(52 the late Baron von Richthofen visited a limestone quarry about 
4if mile northeast of the pueblo of Binangonan on Laguna de Bay, 
and, according to his account, collected some Nummulites , and ever since 
that date this formation has remained unquestioned, save by Mr. Becker, 
and referred to the Eocene. So far as we know, Richthofen never figured 
or described these forms. 

1 This paper the writer intends to serve ns an introduction to a field of 
investigation which he ims been assigned to develop as time and opportunity 
permit. This field, us interesting und important us it is from a scientific point 
of view, must be made subordinate to the economic work which the writer and 
his colleagues of this Bureau are at present engaged in. However, it is hoped 
that articles bearing on this and related subjects will from time to time appear 
in the numbers of this Journal. 

Many statements herein may have to be modified as future work progresses, 
so that the present conclusions should la? regarded more in the light of a working 
hypothesis than as a definite and final opinion. 

2 Zeitschr. d. r/eol. (Jtsell. (1862), 14, 357-360. 

* K. B. Newton and K. Holland: “On Some Fossils from the Islands of Formosa 
and Itiu Kill,” reprinted from Jr. Coll. Science Imp. I'nir. Tokyo (1902), 17, 
urt. 6. 
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This is not the first instance of the finding of Orbitoides in the 
Philippines, for in 1901, Mr. Martin, 4 the recognized authority on the 
little-known paleontology of these Islands, published a short statement 
concerning Orbit nidcs which were found by Semper in a marl from 
Alpaco, Cebu. 

The importance of Orbitoides in the Philippine and Malayan stratig¬ 
raphy can not be brought out too strongly, for it is a typical zone 
fossil—i. e., widely distributed, but restricted in vertical range—and 
from it we have been able to make some interesting and highly important 
correlations which will be mentioned in the following pages. 

FIELD RELATIONS. 

Binangonan is situated on the western side of the western of the two 
peninsulas which extend southward into Laguna de Bay, due east from 
Cavite. It is reached by launch from Manila by way of the Pasig River. 

The surface rock throughout the country immediately north of Laguna 
de Bay is volcanic and consists of very recent tracliytic and basaltic 
flows, while farther to the north and south is a vast tuff area, familiar 
to geologists from the literature of Abclla, Von Drasche, Semper, Becker, 
and others. As one goes northeast along the old trail to the limestone, 
the ground rises rather gradually, until the backbone of the peninsula 
is reached, at An elevation of about 350 feet, from which altitude the 
surface drops away in a series of poorly preserved terraces to a broad, 
flat-bottomed valley on the east. 

That this valley was at one time an arm of the Laguna and also of the 
sea there seems to be little question, for on the highest bench just below 
the limestone cliff (fig. 1) two shells belonging to the genus Crnssatellites 
(marine) were found. 



Almost identical species are living in Philippine waters to-day. 

On the western slope of the peninsula also, the evidence of recent 
uplift is indicated by the deep IJ-forined stream gorges. 


THE VOLCANIC ROCK. 

At Binangonan the lava is a dense, bluish-black, clean-cut basalt very 
much like some phases of the rock from Talim, but a little to the north¬ 
ward in the old city (Manila) quarry, whence the rock was taken for road 
metal, it becomes lighter colored and more cellular. A section of this 
lias been examined with the petrographic microscope and found to be 

4 K. Martin: “Orbitoides von den Philippinen.” Centralhlatt f&r U . O. P, 
(1901), 326, 327. 
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typical olivinte basalt. (PI. TI, fig. 2.) The principal minerals are 
labradorite, olivine, a green angite, and magnetite. The trachytie tex¬ 
ture is very pronounced in the thin section. Zonal structure is very 
common in the feldspars and an occasional twin in the shape of an X cun 
been seen. 

As we travel up the slope to the divide we find the lava becoming 
more porous and lighter in color, until in the neighborhood of the lime¬ 
stone it is practically a Bcoria. From the rather limited observations 
the writer was able to make here, it appears that these flows probably 
poured out over the country from Talim, leaving a small peak of lime¬ 
stone in part exposed. 

THE LIMESTONE. 

The limestone, which is the tomb of Orbit aides, is exposed in a cliff-like 
mass, a hundred feet or more in height, and seemingly dipping steeply 
to the east, though this may prove to be not true bedding, but some 
secondary structure. In color the rock varies from a light cream to a 
dirty, bluish-gray. The lighter and denser portions are more fossil- 
iferous. On microscopic examination it was found to contain Orbiloides, 
differing somewhat from the forms described by Messrs. Newton and 
Holland, and which the writer proposes to call Orbiloides richthofeni, 
some fragments of Operculina complanala ? l)ef., and a very imperfect 
form which is suggestive of Lilhothamniinn ramossisimum Reuss. 

DESCRIPTION OF SPECIES. 

The genus Orbitoides differs in one radical respect, from Nummulites, 
namely, in that the chambers of Orbitoides are arranged concentrically 
and not spirally as in the latter form. All the specimens we have found 
belong to the Ijepidooyclino group, this terminology referring to the 
lozenge-shaped chambers along the median plane. It is probable that 
more than one species is represented, and there is a great difference in 
the size of some of the specimens. 

Orbitoides richthofeni sp. nov. 

(H. I, % 1 .) 

The type of this is the largest specimen found in this locality, but 
unfortunately it is not a perfect one. The one we have depicted by 
Plate I, fig. 1, has lost a portion at each extremity, but if restored 
would measure in the neighborhood of lt(> millimeters in length and 8 
millimeters in width at its thickest portion. These tail-like appendages 
are very characteristic and give to the whole the appearance of the head 
of a pick. 

The initial chamber is not shown, or it is exceedingly small. Instead, 
along the median plane arc developed lozengc-shaj>ed chambers arranged 
at right angles to the long axis of the form and continued out into the 
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caudal appendages. The remainder of the chambers are considerably 
larger and are in certain sections roughly pentangular in outline* Plate I, 
fig. 2, shows the central portion of the large specimen* much enlarged. 
In the photomicrograph it is the black band running through the center. 
Just what the meaning of this is, the writer is unable to determine at 
the present time, as he has not seen it in a sufficient number of specimens 
to ascertain whether it is accidental or is some characteristic feature. 

Plate I, lig. 2, shows one of the commoner, smaller forms measuring 
approximately 8 by 4 millimeters. This is unusually circular, but 
many specimens are almost identical with those figured in Plate 1, fig. 4, 
of Newton and Holland's paper, and coming from Jromete Island. 

We have as yet seen none from the Philippines to correspond to 
O. an f/v laris, figured on Plate I of their paper. 

CONCLUSIONS. 

As von Kiehthofcn merely mentioned his having discovered Num - 
mulites in the Binangonan limestone and never discribed, nor, to our 
knowledge, figured, any of the species, and as we have not yet found a 
Nummulite from that horizon, we can not find much evidence for calling 
this formation Eocene. 

Furthermore, Orbitoides (0 . varbeeki Newt, and ifoll.), probably the 
same as our smaller forms ( PI. II, fig. 1), have been found in limestone, 
in the Iliu Kiu Group, which the British paleontologists, Newton and 
Holland, have placed in the Miocene, and they have been encountered 
still farther north, in Japan, with TAthothamnium . Also Martin® has 
declared the orhitoidal marl of Cebu equivalent to the “Java Gruppe” 
in which Vicarya callosa , the type fossil of the Miocene, was found. 

In this connection it is both interesting and due to Becker," who, though 
he was greatly handicapped in his work at the time of his stay in the 
Islands by the unsettled state of the country, nevertheless saw enough to 
make suggestions invaluable to all succeeding workers, to quote him. 

I must confess that the paleontological evidence as to the existence of the 
Eocene in the Philippines seems to me far from satisfactory. # * * 1 can see 

no reason as yet why the Binangonan limestone may not be Oligoeone or even 
Miocene. 

Very recently the writer has examined some sections from the Benguet 
and Ijepanto limestones which Mr. Eveland, his colleague, submitted to 
him, and which lead him to think it quite likely that these beds are the 
northward extensions of the Binangonan formation. This is not surpris¬ 
ing, for we should certainly expect some intermediate occurrences between 
the lliu Kiu Group and southern Luzon. In certain beds of limestone 

* Loc. tit. 

•U. F. Hecker: “Geology of the Philippine Islands,” 21st Attn. Iteport , V. 8. 
it. 8. (1902), 552. 



207 


in the coal field of Batan IhIiumI 7 the writer also found Openntinw. 
although aa yet no Orbitoides. 

The fact that Martini Orbitoides came from a marl, while these we 
are at present describing occur in a limestone, does not in the slightest 
degree prevent the inclosing hods from being contemporaneous although 
they may not be strictly homotaxiul. 

The bearing of these facts upon the paleogeography, and consequently 
upon the distribution of the flora and fauna of these Islands, would seem 
to be exceedingly important. Jf it can be satisfactorily proved, and 
these facts appear to contribute something to that end, that the islands 
of this Archipelago are remnants of a former, more extensive, land mass 
which was connected with Formosa and Japan to the north and Borneo, 
Java, and the Malay Peninsula to the southwest, and even with Indo¬ 
china and India, much that is now problematical with regard to floral 
and faunal distribution in this region will have been solved. 

This highly interesting problem has been attacked by many naturalists, 
foremost among whom are It. A. Itolfe 8 and A. It. Wallace. 0 These 
authors have demonstrated the great and almost confusing mixture of 
Australian, Indian, Chinese, Formosan, and still more northern types 
of plants and animals, more particularly the latter, with the endemic 
forms of the Archipelago. These will not be detailed here, but we shall 
discuss the distribution and origin of some of these forms. 

Mr. Wallace gave two views as to the ancient geography of this 
Archipelago, one of which, expressed in 1876, ,w maintains that the 
Islands are truly insular and volcanic and that the union with other 
Malayan Islands was not of such a nature or duration as to permit of 
any extended migration on the part of animals. Later, in 1902 in the 
third edition of Island Life, 11 he gives expression to a second view as 
follows: 

It is evident that the Philippines once formed part of the great Malayan exten¬ 
sion of Asia, but that they were separated considerably earlier than Java and have 
Bince been greatly isolated and much broken up by volcanic disturbances; their 
species have for the most part becroine modified into distinct local forms, repre¬ 
sentative apecies often occurring in the different islands of the group. They have 
received a few Chinese types by the route already indicated, and a few Australian 
forms owing to their proximity to the Moluccas. Their comparative poverty in 
genera and species of the niammalia is perhaps due to the fact that they have been 
subjected to a great amount of submersion in recent times, greatly reducing their 
area and causing the extinction of a considerable portion of their fauna. 

T W. I). Smith: '‘The Coal Deposits of Batan Island,” Hull. Min. Bur . (1005), 
No. 0. 

*R. A. Rolfe: “On the Flora of the Philippine Islands and Its Prolmble Deriva¬ 
tion.” Jour, of the Linnean Homely, Botany (1884), 21, page? 

“A. H. Wallace: Inland Life. 

,W A. R. Wallace: (geographical Distribution of Animals (1870), 1, 344. 

11 A. R. Wallace: Island Life. .‘Id edition (1002). 380. 
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Mr. Rolfe, writing in 1884, favored the former of Wallace's views, but 
states that “geological evidence will probably in future throw much light 
on this point.” 

It appears to the writer that Wallace's later view is more nearly in 
accordance with the facts. He was familiar at that time with the 
presence of submerged banks connecting the now isolated groups, but he 
did not have any paleontological evidence. 

Rolfe repeatedly speaks of migrations of southern types from the 
Malayan and Australian regions northward to the Philippines, but from 
lack of material he was unable to discuss the great infusion of northern 
types which must have migrated southward from Siberia, and even 
North America, through Japan, south China, and Formosa, and which 
are found in the highlands of northern and central Luzon. 

The writer, accompanied by Mr. Merrill, botanist of thiB Bureau, has 
recently made the ascent of some high mountains in northern Luzon, 
where many species of plants identical with, or closely related to, those 
of Formosa, southern China, and Japan were observed, and also some 
identical with North American forms, which apparently have migrated 
from that region by way of the Aleutian Islands, Japan, and Formosa to 
Luzon. 

That there have been in the past repeated land connections between 
Japan and North America, by the closing of Bering Straits, has sub¬ 
stantially been proven by the periodic migrations of molluscan faunas 
between those regions in past geologic periods. 2 Of course, at the 
inauguration of the glacial period these plants and animals would 
migrate far to the south and even into the Tropics. It is expected that 
future paleontological work will corroborate this view by revealing a 
decided infusion of Japanese forms in the molluscan fauna of the 
Pliocene and Pleistocene beds. 

If there were such a land connection in Miocene times, as we have 
already indicated, it is probable that it continued nearly to the time of 
the present flora, previous to which disruption may have taken place 
through volcanic disturbances, this break occurring early enough, how¬ 
ever, to allow sufficient time to elapse during which the flora and fauna 
of these Islands could take on their present insular aspect. 

We should not fail here to refer to work in a somewhat different 
field—namely, to the investigations on the distribution of the avifauna 
in these Islands—made during a number of years by Messrs. Worcester 
and Bourns. 18 Although their work gives evidence of a great break 
between the Philippine and Bornean groups, we do not believe their 

**J. P. Smith: “Periodic Migrations Between the Asiatic and the American 
Coasts of the Pacific Ocean,” Am. Jr. Hoiencc (1904), 17, page? 

**Dean C. Worcester and Frank S. Bourns: “Contributions to Philippine 
Ornithology.” Proc. U. 8. National Museum (1898), 20. 549. 
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conclusions are greatly at variance with our own, for the present distri¬ 
bution of the avifauna might not, and probably did not, go very far back 
in point of time. Furthermore, birds being far more capable of migra¬ 
tion than plants or invertebrate animals, their distribution could not be 
considered as having as much weight in the evidence as that of the latter. 
Unfortunately, these investigators did not extend their observations 
beyond this Archipelago, so that wc do not know what their views would 
have been on this broader problem. 

However, it should be stated that the conclusions given above? can only 
be tentative until more is known of the ancient faunas and flora of these 
Islands and until further study of a comparative nature of the present 
fauna and flora of China, Japan, Formosa, and the Philippines has been 
undertaken. It should be stated that Mr. Merrill is now carrying on 
this work on the flora, and the results of his investigations will be 
awaited with great interest by all naturalists. 

In further support of Wallace’s view should be mentioned the occur¬ 
rence reported, and presumably in the Miocene of Mindanao, of remains 
of Elephas ( Stegodon ) recently identified by Professor Osborn, of the* 
American Museum of Natural History. This Slegodon formerly ranged 
all through southern Asia and is the ancestor of Elephas indie,us, the 
living elephant of India. 
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(Photomicrograph!* by Martin.) 

Plate I. 

Pig. 1. Orbitoides richthofeni , »p. nov. 

2. Orbitoides sp.Y 

Plate 11. 

Fig. 1. Orbitoides verbeeki (?) Newton and HolJutid. 
2. Binaugomin basalt. 
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THE PRINCIPAL INSECTS ATTACKING THE COCONUT 
PALM (PART II). 


By Charles S. Banks. 

(From the Entomological Section of the Biological Laboratory , Bureau of Science.) 


In Part I of this paper, insects which attack the* trunk and the 
undeveloped leaves and flower clusters of the coconut were discussed. All 
the forms which have been described belong to the Coleoptera, hut there 
are also certain species of Lephloptcra and (V)ceidie which attack the 
coconut to a sufficient extent to warrant their being designated as 
injurious. 1 

Two forms of Lepidoptcra are found upon the leaves of the coconut, 
one belonging to the Ithopaloccra and the other to the Ifcteroeera; the 
first is the coconut skipper, Padraona rh ry so zona Plbtz, of the family 
llesperiidae, and the second, Tho&ea (-inereamarginata Banks, of the 
Limacodida). While the nature of the damage done by the caterpillars 
of these two forms is very similar, the insects differ entirely from each 
other both in the larval and adult stage. Neither is likely to prove a 
very serious menace to the life of the tree. Each attacks the leaflets after 
they are practically full grown. A single caterpillar confines itself to a 
single leaflet until, with the exception of the midrib, it has entirely 
devoured it, whereupon it proceeds to another, and so on until the cater¬ 
pillar has attained full growth. In the case of the coconut skipper, the 
caterpillar not infrequently eats a space from Hie blade of the leaflet at 
a point near its attachment to the main petiole, leaving the distal part 
untouched. (See PI. I.) 

1 Tho bibliography of coconut insects, appended, includes all forms known to 
attack the tree, either here or in other countries, mid is intended to be of further 
aid to those interested in the subject from an economic standpoint. 
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tiik coconut skutkk. 

Leimdoptkka. 

llKHPERltll.K. 

fridrnonn vhryHozona Pliitz. 

During Hu* months of September and October many of the leaflets of 
small coconut trees of from 6 to 15 feet in height arc partially destroyed. 
Certain of these leaflets have their outer edges sewn together by moans 
of a pure-white silk which is decidedly clastic, so that the leaf may be 
pulled slightly apart without tearing the fastening. Inside these folds 
the light, yellowish-green caterpillar, having a ehitinous head, somewhat 
darker than the body and boldly marked with a very regular pattern, is 
encountered. 

Toward the latter part of October the semiactive pupa* are found in 
these ‘‘cradles,” partially covered and surrounded by a snow-white 
flocculont substance, which has a wax-like feel. This substance has very 
much the appearance of the wax secreted by certain species of Cot-cube 
and is exuded from the skin pores of the caterpillar toward the end of 
its larval stage. It serves as a protection for the pupa. 

The coconut skipper, like nearly all Hesperiida\ flies during the very 
early morning or tlu? late afternoon and early evening hours, and hence 
it is very difficult to observe its egg-laying habits. 

The eggs arc found upon the under side of the leaflets of the coconut 
and but rarely more than one occurs upon a single leaflet. They hatch 
in from seven to eight days and the young caterpillar, after devouring 
all of the eggshell except that portion in contact with the leaf surface, 
at once proceeds to the edge of the leaf and begins to feed. This process 
consists in cutting out an oblique swath extending toward the midrib, of 
about the width of the insect's head. Frequently the caterpillar abandons 
a portion of the leaf, after having fed upon it for a short time, the result 
being that leaflets are encountered the margins of which arc deeply 
notched, as shown by Plate IT, fig. L. Under normal conditions, and after 
the caterpillar has cut the leaflet to the midrib,, it sews tlu? margins 
together to form its nest, feeding upon the cut edge, either toward the 
apex or the base of the leaflet. 

The neck of this caterpillar is much constricted, and therefore the head 
has considerable freedom of motion, hut in a state of repose tlu? normal 
dorso-ventral axis of the head is so inclined that it lies nearly in a plane 
with the longitudinal axis of the body, thus causing the mouth to he 
elevated and projected forward to form the extreme anterior point of 
the insect (PI. IT, tig. A), which, in such larva? as those of Attacks alias 
Linn., and Tkosea rinerraiuaryinaia Banks, is formed by the front of the 
face or the occiput. The caterpillar of the latter has the head deflected 
beneath the body. 
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Dkhckiption \xn Lifk History. 

My (I (1*1- % * and 2 A.)—Diu meter 1.05 millimeters, lu-i^lit 0.85 millimeter; 
of u rather flat, oblate-spheroidal shape., yellow-glabrous when flrst laid, with 
crimson, subcentral ring mid central spot covering the micropyle, and developing 
after two days. The under surface nearly flat, glabrous; upper surface minutely 
punctured. It adheres strongly to the leaf surface. 

The eggs of Padraotm chrysozona I’lutx arc always laid singly upon the leaf, 
thus differing from those of Krionolti thrax Fabr., which may be found in groups 
of from 8 to 15. 

The period of incubation is from seven to eight days. 

Larva (PI. II, fig. 3).—Length 3.5 millimeters, width of head 1.2 millimeters; 
upon emerging from the egg. At this stage the larva is of a pale, greenish-yellow, 
with a black head, the size of which appears somewhat disproportionate to that of 
the body. A very fine, light-grey, sparse pile covers the body. es|K*eially the 
posterior segment. 

The full-grown larva measures 45 millimeters in length and 4.5 millimeters in 
width, the head being 3.75 millimeters in diameter. It is of a pale, ocher-green, 
semi-transparent, permitting the viscera, especially the heart and the malpighian 
and urinary glands, to be seen readily through the skin. The head, which is about 
one-tenth the length of the entire body, is biscuit shaped or of a very flat, oblate- 
spheroidal. The surface is strongly and coarsely punctured. The ecdysieal 
sutures are strongly marked by narrow sulci. It is of a glabrous, tawny, flesli- 
eolor. A dark-brown line extends from the base of each mandible around the side 
of the head to the occiput, where it is deflected forward, following the ecdysieal 
suture and being again deflected toward the side of the head, eliding ill a sharp 
point, the lines of each side thus forming a Y on the median, dorsal asjiect. of the 
head. The ocelli, which lie in the beginning of the dark line posterior to the 
mandibles, are 0 in number on each side ami of a dark brown. The mouth parts 
are dark-brown and glabrous and are surrounded by a rather coarse, porrcct pile. 
'Hie. anal segment is glabrous and its posterior margin is strongly rounded, with 
numerous, white, curved setu? projecting from it posteriorly. The legs are light 
yellowish-huff with many white seta* on their lower surfaces. The abdominal feet, 
of which there are 10, are strongly pubescent. The spiracles, which are functional 
on the 1st and 4th to the last body segments, are of a light yellow. 

Pupa (PI. II, flg. 4 and 4 A).—Length 25 millimeters, width 4.5 millimeters. 
The pupa is of u glabrous, dark-brown, but is frequently so covered with a 
white, floeeulcnt suhstauee that its true color is not apparent. It is strongly 
seto-pilose, especially on the anterior dorsal part of the head and thorax and on 
the abdominal segments. The seta* upon the thorax project anteriority, those 
upon the abdomen posteriorly. Very dark-brown rings extend around the apical 
liuirginu of the 4th, 5th, and CStli segments. The proboscis extends to the apex of 
the flth, its apieal fourth being force free and tinversely rugose. 

A very remarkable feature of this pupa is the. form assumed by the prothoracic 
spiracles. They are completely protected by a reniform patch of dense seta* and 
arc located one on each side of the posterior dorsal margin of the prohotum. 
See PI. II fig. 4 B. 

Imago , male (PI. Ill, flg. 1) . —Length of Imdy 15-lli millimeters, length of 
fore-wing, 15.5-17.5 millimeters, (iround color, bright, yellow-ocher, with the fol¬ 
lowing dark-brown markings or suffusions; The veins and a more or less oblit¬ 
erated longitudinal patch along the posterior part of vein VI1 1 , and \ 1L, from the 
base for one-half its length, ill some specimens suffused with yelloW-ocher; u 
similar, somewhat wider patch from the end of the cell to a point its own length 
from the outer margin. In some specimens this patch is confluent with the basal 
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one, forming an irregular, oblique band across the disc of the wing from the base 
to near the apex. Exterior to this wide patch, a yellow-ocher, irregularly rlunn- 
boidal spot, divided by the dark-brown vein V 3 . A broad, marginal, dark-brown 
bniul from the costa to the posterior angle of wing, its inner margin scalloped and 
its area crossed by ends of veins which show yellow-ocher; a dark-brown suffusion 
at, the base of and posterior to vein IX. Cilia, black, suffused with yellow-ocher 
toward the apex and yellow-oelier toward the posterior angle. The inner margin 
clothed with long yellow-oehraoeous hairs. 'Hie hind wings with ground color 
dark violet-brown at the base, with iridescent, subcostal scales. Margin, dark- 
brown; cilia, yellow-ocher. A longitudinal, yellow-oclmiceous patch in the cell, 
from which spring long lmirs of the same color. A broad, ycllow-oehraccous, 
irregular patch extends across the witig from the outer third of vein III to the 
middle of vein IX, which it follows to the base and margin of the wing respectively. 
Posterior to the cell patch is another one of long, yellow-ochraceous hairs extend¬ 
ing to the oblique band. A similar patch extends along the inner submarginal 
area its own width from the inner margin of the wing. 

The under surfaces of wings yellow ocher; veins, marginal hair line, base and 
inner margin to vein IX and submarginal series of suffused spots on fore wing, 
dark-brown. On the hind wing the superior, oblique, yellow-ochraceous patch has 
its margin indicated below by series of faint brown spots or irrorntions. Antenna* 
brown, with dark yellow-ochraceous tips and lighter scales beneath. Palpi, ster¬ 
num, venter, legs and apicul margins of abdominal segments, yellow-ocher. Apex 
of abdomen dark violet-brown with yellow-ocher irrorations. Removal of the 
head in both sexes reveals a patch of very broad, pearl-colored scales dorsally at 
the neck. Under normal conditioim these scales arc completely hidden by the 
hairs upon the head and thorax. 

Female (PI. Ill, fig. 2).—Length of body 17.5 20 millimeters, length of wing 
18.6-21 millimeters. (Iround color, dark violet brown, especially on the veins of 
the wings; iridescent in certain lights. 

The bases of the fore and hind wings, the head, thorax, the abdomen dorsally 
and the entire lower surface suffused with greenish-buff. Fore-wings above, with 
an irregularly, suh-rhomboidal spot in the end of the cell, 2 oblique, parallel 
lines between this and the costa, 3 parallel patches beyond them, near the costa 
an oblique, interrupted band, from the outer third vein of V ; , to the middle of 
inner margin, buff, irrorated with brownish scales. Beyond the oblique band an 
irregular patch between veins III 5 and V 2 interrupted by vein V,. Inner margin 
with greenish-huff hairs for two-thirds its length. Cilia brown and greenish-buff. 

Hind-wings as described above, with an ill defined, interrupted, oblique, buff 
band from the middle of vein V to the middle of vein IX along which it extends as 
in the male. Cilia, huff. Inner submarginal area with long, greenish-buff hairs. 

Beneath; wings brown, entirely suffused with greenish buff; the markings, 
which are buff above, are very pale-buff below and both wings have distinct, dark- 
brown veins and marginal lines. 

Antenna* dark-brown above, and buff beneath to the base of club; bases of 
antenna*, black. Palpi, greenish-buff; apical segment, dark-ocher. Thorax and 
legs covered with durk, greenish-buff scales and hairs; tarsi, with reddish-brown 
spines beneath. Abdomen with 5 distinct, transverse, black lines and 3 indistinct 
apical orange ones dorsally. Anal region with orange scales. 

Semper 8 says of this species: “This beautiful species is very easily recognized 
by the 3 yellow rings of the abdomen. It belongs next to augiadea Felder and 
palmarum Moore, in which the males also lack the sexual Rign [discal patch], 
upon the forewings, which appears in the female of augia* L., and bambusw Moore. 


Semper: ReUen auf den Philippvnen (1892), 2 No. 6, 301 et seq. 
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Upon this ground, I believe, Staudinger’s opinion that bambusce is a variety of 
augiades can never be right according to my way of thinking.” 

“The female of e.hrysozona varies greatly in the width of the dark markings; 
I have some wMch are as dark upon the upper side of the forewings as Moore’s 
palmarum , others again have, with exception of the border, only fine, black 
stripes along the veins and a faint, dark shadow on the end of the cell. The 
ground color is darker than in palmarum , and the same as in augiades. The 
female on the upper side is exactly the same ns the drawing of palmarum , but 
differs on the underside in that the light bands are nearly as clearly marked as 
they are above. The ground color is greenish-gray-hrowii.” 

This species is also found upon the hotel palm (Arera catechu L.); in 
fact, Semper indicates in his note concerning this insect that the larva 
is only encountered upon that tree. My observations disprove this state¬ 
ment; indeed, it rarely is seen on any palm other than tlie coconut. 

Preventives and remedies. —This insect is never found in sufficient 
numbers to justify the fear that; it may become a serious menace to 
coconut culture, hut as its feeding upon the leaves of small trees may 
have a tendency to debilitate them, its larva* should he destroyed whenever 
they are encountered. 

Parasites .—This insect is probably, to a great extent, held in check by 
two small Hviuenopterous parasites, Chalets ohscurala Walk., and an 
unidentified Braconid, both of which attack the larva, laying their eggs 
within its body, their young feeding upon its fats and body fluids. Tlu; 
larva* of the former parasite, of which there may be as many as 10, pupate 
within the pupa of the coconut skipper, which they kill, emerging there¬ 
from in from five to six days thereafter (1M. IV, tig. 1) ; those of the 
Braconid leave their host when they are full grown and, like all true 
BracouidcT, they spin pure-white cocoons in the vicinity of the now dead 
and shriveled caterpillar. After spinning their cocoons the insects 
emerge in uboul 4 days. (PI. IV, fig. 2.) 


DKSCUll'TIOiN OF PAKASITK. 

Walker’s description of the dhalcid is as follows: 

V ha his ohscurala Walk., Pror . Put. Soc . Loud. (1874) 390. 

Male. —Body, antenna* and logs black, with the usual structure. Body convex. 
Head and thorax scabrous, dull. Antenna' stout, nearly filiform. Protliorax 
about four times as broad as long. Sutures of the parapsides, distinct. Abdo¬ 
men smooth, shining, subsessile, with cinereous tomentum toward the tip. Femora 
yellow at the tips, hind femora minutely denticulated beneath. Tibia? yellow, 
striped beneath with black; hind tibia* black at the base. Tarsi yellow', tips 
black. Wings cinereous; aquumuhe yellow; veins black; ulna about half as long 
as the humerus. 

Hub.: Hiogo (George Lewis), Philippines (Banks). 

This is the first record of this species of the (-halcidida* as from the 
Philippines. 
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THIS COCONUT SUKl-CATEItPILLAK. 

LePIDOITEKA. 

MMAGOD1IMC. 

Thosra cinerca marginal a Banks. 

Thosea eimrmmarffinnta Banks, Phil. Jovrn. Sci. (1906), 1, No. 3, p. 229. 

The slng-ratorpilbir is easily distinguished from other Lepidopterous 
larvae by the form of its body and its mode of locomotion, which is more 
like that of slugs or snails than of insect larva*. Several species are 
known in the Philippines, many of them feeding upon palms. In 
Manila, this caterpillar is quite common and is usually found feeding 
either upon the upper or the lower surface* of the leaves of the coconut. 
It presents a rather forbidding aspect, due to its being well armed with 
a double scries of spinous tubercles placed upon either side, but, as a 
matter of fact, unlike most lamacodhho, it jiossesses no poisonous 
properties. I have handled the larva* freely without experiencing any 
discomfort. 

The damage which this insect does to the coconut leaves is about 
equal to that of Padraona chnjsozona Plotz. 

J'JtJff .— Diameter 1.5 millimeter*, height 0.05 millimeters; of a Hut, oblate- 
spheroidal shape and with minute reticulations upon the surface, pale-ochruceous. 
The larva escapes through a slit which divides the shell across its face, and the 
latter is not eaten as in the case of Padraona rhysozona PlOtz. The period of 
incubation is from 5-7 days. 

Jjarva (1*1. V, fig. 1).—When full grown, length, 23.75 millimeters, width, 
14.25 millimeters including the tubercles. It is pale-green above and pale green¬ 
ish-yellow at the sides, lieing almost pure-white beneath, and with the following 
markings: a median, light-purple or heliotrope band with symmetrical scalloped 
margin, the scallops expanding upon the respective segments. The margin of this 
band is darker purple and shades into the green of the dorsum. The band is 
developed into more or loss of a patch upon the fourth and seventh segments, 
where the colors are darker. External to this bund, on either side, is a series of 
l) horizontally-projecting, spiniferous tubercles, those upon the second, fourth, 
sixth, eighth, and eleventh being twice or slightly more than twice as long as the 
remaining ones. Below them*, veil (rally on either side, is a series of 8 light-purple 
spots, one on each segment from the third posteriorly, and below these another 
series of 8 spots beginning upon the 4th segment. At the Intern-ventral angle, 
a series of 11 horizontally projecting spiniferous tubercles, one of which projects 
anteriorly and another posteriorly on either side. The spines of these* tubercles 
interlace and arc yellowish-green at their bases and purple or black at their tips. 
Many of the spines have a white hair at their tips, and the shorter ones at the 
bases of all tubercles have somewhat inflated tips. The head is yellow-green and 
when the caterpillar is not feeding, is retracted within the 1st thoracic segment. 
The length of the larval stage varies from 21-25 days. 

Pupa (PI. V., figs. 2 and 2 A.)—Length 8.5 millimeters, width 5.5 millimeters. 
The color is a light yellow, with ochraceous bands on the posterior margins of the 
dorsal, abdominal segments; the wing pads are livid flesh-color and the eyes are 
dark-gray. 
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Cucoofi. —'Length, 8.75 millimeters; durk-brown, cocci form or oblate ovoid, com¬ 
posed of finely comminuted leuf fiber held together with silk. The interior is 
white nml silk lined. The pupal stage lusts about 22 days. Time of flight, the 
month of January. 

Adult .—A description of the adult male and femulu of this species occurs in the 
Phil. Journ. Sid. (lftOfi) 1, No. .‘1 p. 22ft. It. is quite closely related to Thoaea 
minima Semper, from which, according to Samper’s description, it differs chiefly in 
having the prominent ntitcnicdial oblique sinuate band extending from near the 
cell spot to the middle of the inner margin. 

Preventives ami remedies. —The 1 sumo methods of treatment apply to 
this species as to the Coconut skipper, though, as in the case of the? 
other, there is no possibility of its over becoming a serious pest. 

HCALK INSKCTS. 

With exception of a few species from which useful or commercial prod¬ 
ucts arc obtained, such as the cochineal insect, Llaveia cadi Linn., and 
the lac insect, Tadiardia lacca Kerr, practically all known species of 
scale insects are detrimental to man's agricultural interests. In some 
parts of the world they do more damage to crops and trees than is due 
to the effects of all the other insects of the region. While, in the Philip¬ 
pines, this is not so strikingly inn* in the case of the coconut palm, still 
the damage done to this tree by species of the family Cocci da* is very 
considerable. It. is rare to find a coconut which does not, by its yellow 
or brown leaves, indicate the ravages of these pests. Seale insects differ so 
greatly from ordinary insects that they may easily escape detection. As 
a rule, the commoner forms appear merely as rusty-brown or yellowish 
patches upon the surfaces of the leaves, or on the bark of the stems or 
trunk of the plant. 

Ckamctersi —In all species the body of the adult female is either 
covered with a scale formed of a waxy secretion in which the exuvia* of 
the earlier stages are compacted or else the body of the insect itself 
assumes a form which suggests a scale or tubercle upon the host plant. 
The males of all specie's are winged, hut on account of their very minute 
size and pah.* colors escape notice unless they are bred upon the food 
plant under glass, in which ease they may ho captured upon emerging 
as adults. 'The newly hatched young of both sexes an*, oi course, much 
smaller than the adults of either sex and it is almost impossible to sec 
them with the naked eye. 

Upon hatching, the young, coming from beneath the parent scale, 
scatter upon the leaf surface in quest of a favorable place to settle. 
Shortly after their first, meal, which is obtained by inserting their 
probosces into the succulent part of the leaf or twig, the insects shed 
their skins, hut during the period of feeding there will have exuded 
from certain body pores a pale, wax-like secretion which, adhering to 
the first exuvia*, after a brief period assumes the form of a scale-like 
covering. 
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In the first molt the females usually shed their legs and sometimes 
their antennae, so that a female nymph or adult appears as a mere sack, 
attached to the plant by the proboscis. The female, in those species 
having a distinct scale, remains under this covering throughout life, 
while the male, after a succession of molts, comes forth with legs and 
wings well developed. 

In view of the great difference in appearance between the male and 
the female, it is necessary to consider their respective characteristics 
separately for purposes of classification, it being impossible to identify 
two given specimens of different sex as belonging to the same species 
unless they arc found in close association or are bred from a given lot. 
In view of the relative scarcity of males in most genera of Coccidfc, the 
characters found in the female form the chief basis upon which their 
determination is made. 

In the Philippines, so far as is known, seven species of CoccidtD arc 
found upon the coconut. Of these, Aspidiotus destructor Sign, is by far 
the most abundant and destructive ; next in abundance is Chrysomph - 
ulus propsimus Banks, a species which has usually been encountered in 
great, numbers on all trees examined both in Manila and in the provinces. 
The order of abundance of the remaining species is that of the following 
notes; 

TICK TRANSPARENT SCALE. 

Aspuliotus destructor Sign. 

This extremely prolific scale is found on the coconut palm in all 
localities in the Archipelago where investigations have been conducted. 
It is extremely injurious to the trees, causing their leaves to assume a 
characteristic yellow color, which is easily noted from a distance. Where 
it is encountered, the under surfaces of the leaflets arc covered with 
thousands of small, rough, circular patches, which arc almost transparent 
and so thin that the insect and her eggs can be seen beneath. When the 
leaflet is pulled longitudinally or when it wilts, the scales become striated 
owing to the tension on the edges which are attached to the leaflet. 
Plate VI, fig. 1, shows adults and young scales upon a leaflet. It will be 
noted that the latter have fixed themselves to the longitudinal veins and 
therefore are arranged in very regular rows. Fig. 1 A shows young 
insects which have emerged from beneath the scale of the parent ; female 
scales from which the occupants have been eaten by a tiny predaceous 
beetle of the family Coccinellid©, arc also present. Fig. 2 shows a 
coconut leaflet attacked bv a form of disease which causes spots, very 
similar to those resulting from the attacks of Aspidiotus destructor Sign., 
to appear on the upper surface. In case of doubt as to the origin of the 
spots, certainty is reached by examining the underside of the leaflet, 
when*, if it is attacked by scale insects, the latter will be found just at 
the point of discoloration of the leaflet. 
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DESCRIPTION. 

Egg (PI. VII, fig. 4). length 0.2 millimeter, width 0.1 millimeter, regularly, 
bluntly oval, one side more convex, very pale lemon yellow, smooth, laid in two 
or three more or less regular concentric rows around the parent within the scale. 
This regular distribution necessitates n nearly complete rotation of the female 
around the point of insertion of the proboscis. This is accomplished by an undu¬ 
lating motion of the body and may be observed by plaeing the live insect upon a 
piece of glass, under the microscope. 

Lama (PI. VII, fig. 8).—Immediately after hutching the length is 0.25 millime¬ 
ter, the width 0.15 millimeter. Pale yellow, slightly lighter in color than egg. 
Eyes dark red; an ten me 5 jointed, slightly setose, last joint :i times as long as 
the first 4; transversely, microscopically striate, biapicn] as shown by Plate VII, 
fig. 5, with a single seta from each apex; mouth two-fifths of distance from frontal 
to anal margin. Anal margin dentate, giving indication in both sexes of existence 
of pygidiul lobes. These disappear in the male upon the second molt. Legs 
moderately long, femora somewhat stout. Tarsi single jointed with 2 knobbed 
spines on the dorsal margin. Proboscis about as long as the body. Four minute 
hairs project from the frontal and 2 from the anal margin of body, the anal 
being 4 times the length of the longest frontal. 

Mule puparium. —Oblong-oval, pale, translucent, larval exuvia* at center slightly 
darker, yellowish. Plate VII, fig. 3, shows the male puparium. 

Female jmparium (PI. VII, fig. 2).— Differs from male in being more nearly 
cireular. C-olor as in male. Larval exuvia* at nr slightly removed from the 
center. Darker than the scale itself, yellowish. 

Signoret’s description* is very meager. It is ns follows: 

“The scale is round, of a transparent white, with the exuvia* at the center, and 
of a yellowish transparent white. 

The female is yellow, round; the extremity with six lobes, of which the two 
median are shortest; the pygidium with four groups of wax glands of eight to 
ten orifices in cadi [group 1 agglomeration.*’ 

He says further concerning the insect: “This species appears to cause great 
damage to coconut groves in the Island of Reunion, where they arc menaced with 
complete destruction. The scale is also found on palms ami dates. We have found 
it likewise on (loyavius psidium | Fsidium guagora | which we received in the same 
package.” 

It will he seen that Nignoret’s description is not sufficiently detailed to differen¬ 
tiate this scale from other very similar ones, as he makes no mention of the. 
squnmes, their number, and arrangement, which, for example, is a very important 
point in distinguishing Aspidiotu «v dentruvlar Sign., from .1. fatanuv Sign. 'The 
following description has been prepared from fresh material: 

Adult female (PI. VII, tig. 2). Length 0.80-0.110 millimeter, width 0.03- 0.75 mil¬ 
limeter, bright pale-yellow, broadly oval, nearly circular, narrowed posteriorly, 
with slight enmrgination at the base of the pygidium, which is only slightly paler; 
posterior margin, whitish creamy, due to waxy secretions; two suhiucdian while 
spots on each side of the genital aperture show the position of the e.ireumgonital 
glands, the posterior of which have 4 to 5 apertures, the anterior 7 to 9. Anterior 
margin of the body regularly rounded, abdominal segmentation laterally distinct.. 
Antenme, small, oval knobs with inwardly curving bristles at the apex, situated 
one-third of the distunce from the frontal margin to the rostrum. Between the 

8 A ns. Hoc. Ent. dc France (18(19), (4) 9, 120; Plate XII, tigs. 8 and 8a. 
Translation. 
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antennae on the ventral surface are from 6 to 10 minute spinous tubercles. 
Paradigmatic glands not present. Stigmata sulteylindrical. Pygidium (PI. Vll, 
fig. 0) with 0 lobes, median pair shorter than the next, weakly tricuspid, light- 
brown, next pair bicuspid, slightly paler, exterior pair of the same color, bicuspid, 
of the same length as the median. Chitinous portions of all lobes run anteriorly 
for some distance into the pygidial area, the surface of which is closely, longi¬ 
tudinally striate. Squumes as follows for each side: 2, apically fimbriated, 
between the median lobes, similar ones, but more slender, lietween 1st and 2d 
lobes, 3 stouter between 2d and 3d lobes, with fimbriution somewhat externally 
laterad of apex; a series of 0 broad, laterally fimbriated ones beyond the 3d lobe 
and extending one-third the distance from the latter to the base of pygidial 
margin. These squames decrease in length and increase in width from the third 
lobe and the number and length of their fiinhriutions decrease so that the last one 
bears but 1 prominent, spine, the remainder being reduced to sharp serrations of 
its Intero-apieal margin. Settc placed aB follows: One pair at the external base 
of each median lobe nearly twice the length of latter, 1 pair between the second 
lobe and its 1st external squame, 1 pair ventrad to external lobe, 1 very short, 
ventrad to the 4th of the exterior 0 squames, 1 ventrad to the last squame, a small 
setose tubercle near the ventral margin, two-thirds of the distance from the last 
squame to t.he base of the pygidium. Four groups of circuingenital glands, the 
posterior pair with 4 to (1 orifices, the anterior with 7 to 12. Tubular spinnerets 
filiform; their heads chitinous; tube obconical, chitinous; their tongues one-third 
the diameter of their heads and equal to them in length. Numerous trumpet¬ 
shaped or subeylindrieal ducts toward the apex and having orifices on the margin, 
as do tubular spinnerets. Anal opening about halfway from genitul orifice to 
posterior apex. For details of structure see Plate VII, fig. fi. 

Adult male (PI. VII, fig. 1).—Pale-yellow, with darker, pinkish-yellow, trans¬ 
verse apodema. Head about one-tenth the length of entire body, including genital 
sheath. Ocelli very dark red; upper pair slightly extra-marginal, lower pair 
posterior and contiguous on median line, their diameter one-fourth greater than 
upper ocelli. True eyes posterior to and their own diameter distant from the 
upper ocelli, subtiuirgiuul. Antenna; composed of 10 joints, of which the first 2 are 
suhglobular. 3 to ft suhequul in length and about 3 times the length of second, 
all segments sparsely setose. Tenth segment attenuated, terminating in a clubbed 
bail*, surrounded by 3 other curved hairs of equal length. 'Phis is shown by 
Plate VII, fig. 7. I-egs moderately long, posterior femora slightly stouter than 
the others. The single jointed tarsi, two-thirds the length of tihhe, slender, 
suheonical and moderately covered with spinous hairs. Tibia* sultequul to femora, 
with a very few hairs each. (Maws or uugues one-fourth the length of tarsi, 
their digitizes two-thirds their length. Tarsal digitule as long as ungues. 
Genital sheath long and tapering to a sharp point; two-sevenths of the length of 
the rest of the body. Wings iridescent, hyaline, obovate; veins of about equal 
length and subparallel to the respective margins. Haltere has the first joint 
swollen to about one-third its length, just before the aj>ex. Second joint of 
length equal to the first; spinous and hooked at extremity. Length of wing 0.(13 
millimeter. This insect so nearly resembles A sjndiot u* latanuc Sign, that it is 
very difficult to separate the two species. The chief points of difference in the 
female, are the number of squames external to tbe outer lolie, the number of orifices 
in the circuingenital glands, and the relative lengt h of the median and second lobes 
of the pygidium, the median ill .4. destructor Sign., ls*ing shorter than the 2d 
pair, while in A, lataniw Sign., they arc of equal length and more markedly 
tricuspid. 
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Asptdiotus destructor Sign., in by far the most pernicious of the scales 
which attack the coconut, in the Philippines. It most frequently occurs 
on young trees having from one to five years’ growth, in many eases 
completely covering the under surfaces of all the leaves, giving them a 
characteristic yellow tinge. It is certain that it is attacked by a 
Hymenopterous parasite, as female puparia have* been found showing the 
exit holes of the adult parasite, blit as yet the latter itself has not been 
discovered. A small Coecinellid beetle, Sey m tuts sp., is a voracious feeder 
upon the transparent scale, the adults as well as the larva* of this species 
frequently being encountered in considerable numbers upon coconut 
leaves which are covered with the scales. A description of this insect 
follows: 

Seym nun sp. 

Larva .—Length 1.75 millimeters, width 1.01 millimeters, exclusive of the pure- 
white waxen tufts which project from the front, sides, and posterior margins of 
the body as shown by Plate VIJ I, fig. 2. The larva of this beetle when once known 
can easily he distinguished from all others which might he found among scale 
insects in this region. It is extremely active, running from place to place and 
greedily gnawing open the delicate scale in order to obtain the insect which lies 
lieneath. The body is pale yellow with a greyish tinge. 

I*upa,' ■ '-Ijcngth 1.25 millimeters, of a light, ocher yellow. This insect pupates 
within the larval skin, as do many species of the family. In this ease the skin 
splits along the median dorsal line, exposing the pupa. 

Adult (1*1. VIIT, fig. 1). Length 1.35 millimeters, width 1 millimeter, of a 
dark brown, almost black, with a light-brown diseal spot on each elytron. In 
some specimens this spot is sharply, in others ill. defined. The entire body covered 
with a tine, white, pubescence. Palpi, apices of femora, tibia* and tarsi, brownish 
ocher. (See PI. VIII, tigs. 3 and 4 for antenna and palpi.) 

JIabit#. This beetle, the adult as well as the larva, feeds on many species of 
(\ieeidiv but has liven found in greatest, abundance in colonies of Aspidiotus de¬ 
structor Sign. 

Chrysomphalux propsimus Hanks. 

Chrysomphalu* propnimus Banks, Phil. Joum. Sri. (/.*##»), I, No. 3. p. 230. ( Pl». land 11.) 

This scale bears a general resemblance If) ('. nnnidum Linn., but its 
color anti size, together with its apparent, predilection for the coconut 
palm, upon which it is always found, make its identification as a 
distinct species a matter of some doubt. The scales crowd themselves 
upon both surfaces of the leaves of neglected or deformed trees and 
frequently as many as 4 or 5 are found overlapping each other. In 
Manila they breed with great rapidity and soon cover the leaflets and 
even the petioles. The same species has been encountered in great 
numbers upon the betel palm (A rem catechu L.) at San Miguel de 
Mayumo, Province of Ilulacan. It may be distinguished from other 
scale insects which might be found upon the coconut by the decided, 
shining red-orange color of the }>ellielos. The male scales are infre¬ 
quently met with in comparison with those of the female. (See PI. X.) 



222 


Parlatoria greeni Banks. 

Parlatoria tjrcenii Banks, Phil. Joum. Sci. (1900), 1, No. 8, p. 231. (IH. Ill, flat. 1 to 6.) 

This delicate, though prolific, scale is frequently seen in Manila upon 
young, badly cared for coconut trees. It is found upon the upper 
surfaces of the leaves and because of its flat shape and gray color is 
difficult to detect. While not ns serious a menace as either of the 
foregoing species, it merits attention because of the possibility of its 
great increase if it is left unchecked. 

Chionaspis Candida Banks. 

ChionanpU Candida Banks, Phil. Joum. Sci. (1900), 1, No. 3, p, 232. (PI. IV, ftps, t to /».) 

Frequently coconut trees are found the partially opened leaflets of 
which are covered with small, pure-white spots, due to the scales of 
another species of insect differing totally as to color and form from the 
foregoing. This scale multiplies rapidly upon either surface of the 
leaf, usually in the protected parts. As a rule, the female puparium 
occurs near to a group of male puparia or else with a group of the 
young scales in their first: or second molt (PI. IX). This insect is 
not as nomadic as Aspidiotus destructor Sign., therefore its opportunity 
for debilitating the tree is not as great and the danger from it is not 
to he feared in the same degree as from A. destructor Sign. 

Lcpidosaphca megregori Banka. 

Jjcpidtmiphct! megregori Banks, Phil. Jour. Sci. (1900). 1, No. 8, p. 238. (JH*. V and VI.) 

This scale is comparatively rare. It occurs upon both sides of the 
leaves of the coconut, especially on old ones, but seems to prefer that 
part of the upper surface that is near to the midrib. It is always en¬ 
countered singly and the puparia are seldom distorted as in the case 
with Chionaspis Candida Banks. Although rare, it may at any time and 
under favorable conditions propagate to the extent of being injurious. 
The most noteworthy features which distinguish it are the pair of white, 
waxy, horn-like projections on the front of the first pellicle, the light 
color of the female puparium and the regularity of its transverse stria?. 

Lcpidonaphes unicolor Banks. 

JjcpUloaaphc* unicolor Bank*, Phil. Joum. Sci. (1906), 1, No. 3, p. 23-1. (PI. VII, fign. 1 to ?.) 

This species is of nearly the same shape and size as the preceding, 
being only distinguished externally by the narrower, interior margin, 
the color of the puparium and the absence of the waxy horns in old 
specimens. It is less frequently met with than L. megregori Ranks 
and therefore less likely to prove a menace. 
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Paralccanium oocophylhv Hanks. 

Farulecanium cocophyllac Hanks, Phil. Journ. Sci. (1M), 1, No. a, p. ( /Vs. 17// to XI.) 

This insect differs from any of the foregoing in that, if a female, it 
docs not lie beneath a puparium hut is itself its own scale. It has 
easily been found upon nearly every coconut examined in Manila, and 
is readily distinguished from other species by its unusual size (being 
•> to (5 millimeters long and nearly as broad), and by the 2 small patches 
of orange-yellow on the posterior region. It. always occurs upon the 
inferior surface of the leaf. The male puparia are much scarcer than 
those of the female. 

A peculiar characteristic of tin* male insect is that it comes from 
beneath its scale to shed the pupal oxuvia\ returning after it has 
completed its transformation. The length of time after tin? final molt 
and before it seeks the female, during which the adult male remains 
beneath the puparium is not known. 

PREVENTIVES AND REMEDIES. 

In all the work upon scale insects affecting the coconut, it has 
uniformly been observed that those trees which are ill cared for or which 
have become deformed by the attacks of beetles are the* ones most infested 
by scales. The malformed or pathologically imbricated leaves, in their 
interstices, offer ideal places for the breeding of scab* insects. This fact 
would point to the necessity of the removal and destruction of such por¬ 
tions at once. 

Because scale insects can only migrate as wingless larva*, it would seem 
that their arrest would not be difficult, and yet, when we consider that 
every wind blows those larva* from leaf to leaf and from tree to tree, we 
can easily see that this fact, as well as the extreme fecundity of the 
insect, renders no tret* entirely safe from their attacks. However, those 
trees which are the healthiest and host cared for are the ones which will 
best withstand these pests. 

Spraying with lime-sulphur or kerosene emulsion washes might serve, 
if properly applied, for the preservation of young coconut trees, but these 
remedies would entirely lie out of the question for full-grown ones. The 
necessity is apparent for clean, systematic and regular cultural methods 
for the protection of this valuable tree from scale, as well as from all 
other insect pests. 

INSECTS AFFECTINO COPRA. 

In connection with work which has been carried on in this Bureau on 
coconuts, copra, and coconut oil, it lias been noted that certain lots of 
commercial copra, when received from the bodegas, were badly infested 
by larvae, pupae, and adults of Silvan us Surinamensis Linn., and Nerrobia 
rufipes Do Geer. Both of these insects are cosmopolitan and as they 
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feed upon stored products of a diameter similar to eopm it is only 
necessary to mention them in this connection. 

In the ease of these, and of most other injurious insect forms, preven¬ 
tive measures are always most advisable and if care is taken in packing 
and shipping the copra, receptacles into which the insects can not find 
entrance being employed, their ravages will he prevented. It is difficult 
to exterminate them if once they secure a lodgment in a mass of copra. 
Carbon bisulphide, which might he used successfully against similar 
insects in grain, would probably prove detrimental to copra owing to 
its power of dissolving oil. 
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ERRATA. 


In Part I of this paper: 

Pages 1(51, line 1, and 105, line M, for Boniigga read Boiiga. 

Page 100, Table of Illustrations, for Plate 1, fig. 1, adults of li. fer - 
rn (fine us Fabr., read Plate 1. fig. 1, egg of Oryctes rhinoceros L., mag¬ 
nified portion shown at lb. 

Plate V ITT, fig. 3 should he reversed. 



ILLUSTRATIONS. 

[All figures arc more or less magnified; exact size is indicated In descriptions.] 


Pl.ATK X. 

Coconut leaf showing work of Ptidriuma chrysozona Plot/. Note that on sonic of 
the leaflets the apical portiou of the blade has been eaten, while in others the 
basal portion is represented by the midrib alone. 

Platk If. Drawn by YV. Nebulize. 

FlO. 1. Commit leaflet showing abandoned notches made by young larva* of 

Padraona eh ryxozona lMiitz. 

2. Egg on margin of leaf. 

2 A. Profile of egg. 

3. Pull-grown larva. 

3 A. Profile of head. 

4. Pupa. 

4 A. Lateral view of pupa. 

4 B. First thoracic spiracle or stigma. 

Platk Ilf. Drawn by \Y'. Nebulize. 



1. Padraona chrysozona Plot/, male. 

2. Female. 

Pl.ATK IV. 


Flo. 1. Chalets obsrnrata Walk., adult. 

2. Coconut leaflet with cocoons of Bra coni d parasitic on P. ehyrsozona 
Pliitz together with shriveled caterpillar skin of latter. 


Plate V. 


Flo. 1. Thosva cincrcamaryinata Banks, full-grown larva. 

2. Pupa. 

2 A. Lateral view of pupa. 

Plate VI. 

Flos. 1, 1 A. Coconut leaflet with adult females and young of Aspidiotus de¬ 
structor Sign. Note arrangement of young along veins. 

2. Coconut leaflet attacked by disease causing spots similar to those 
produced by A. drat rue tor Sign. 

Plate VII. 

Flo. 1. Aspidiotus destructor Sign., adult male. 

2. Female puparium, showing adult and eggs. 

3. Male puparimn. 

4. Egg. 

5. Antenna of larva, distal segment. 

6. Pygidium of female. 

7. Antenna of adult- male, distal segment. 

8. Young larva. 
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Plate VIII. Drawn by T. Kspinosa. 

Fiu. ]. NcymnuH sp., adult. 

2. Larva. 

3. Antenna of adult. 

4. Maxillary and labial palpi and labium. 

Plate IX. 

Coconut leaflet showing male and female puparia of (Jhionaspis Candida Banks. 
Note group of male scales around female at lower right. A few male and 
female scales of ChrysomphaIns propsimus Banks occur also. 

Plate X. 

Chrynomphalus propsimus Banks. Male and female puparia on leaflet of coconut. 
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NEW PHILIPPINE INSECTS. 


By Charles S. Banks. 

{From the Entomological Section of the biological Laboratory , Bureau of Science.) 


The insects described as new in this paper were encountered while I 
was pursuing investigations upon the ones which injure the coconut 
palm. With one exception, that of 77 /osm cinrreamarginata n. sp., they 
belong to the Coccida\ Although twelve species of the Liniaeodidie, 
including three of Thosea, are recorded from the Philippines, this 
number is small in comparison with those from neighboring regions, 
Hampson recording 82 species in his Fauna of British India. 

LKl’lDOi'TKIM. 

LlMACOlUD.E. 


Thotea cinereamarginata n. up. 

Thosea, Walk . Cat . (1855), 5, 1008. 

Aphendale, Walk. Cat. (1805), 33, 404. 

Anzabe, Walk. Cat. (1855), 5, 1003. 

Male: Head, thorax, and abdomen dark-brown; latter transversely banded dor- 
sully with lighter brown. Two dorsal and anal tufts dark-brown. Tegulw white- 
tipped. Fore-wing satiny dark-brown with purplish effulgence in certain lights. 
A moderately large darkc*r spot at end of cell with a dark-brown oblique sinuate 
band beginning slightly posterior to if and extending to middle of inner margin ; 
a similar, inward-curving, post-medial band beginning widely on costa before apex 
and extending nearly to posterior angle. Cilia attenuntely spatulate, bronzed at 
tips and lighter than wing. Hind-wing grey-brown; veins and a diseal spot 
slightly darker. Cilia slightly lighter. Under sides of wings grey-brown; fore¬ 
wing pearly at base and inner marginal area; lvind-wing irroruted with dark- 
brown, scattered scales. Antenna*, darker at base; first joint with long cilia. 
Palpi pale anteriorly. Tibisr, tarsi, and venter with long, grey lmirs. Length, 
12 millimeters. Length of wing, 9.5 millimeters. 

Female: Head, thorax, and abdomen brown-grey, latter transversely marked on 
apical dorsal margins of 5 to 7 segments with light oeliraceous linirs. Fore-wing, 
except outer fourth, purplish brown-grey. Dark-brown spot at end of cell and an 
oblique dark-brown band as in male but much more distinct.. Post-medial bund 
parallel with outer margin for one-half its length, then curved inward and end¬ 
ing before posterior angle. Marginal area mouse-grey, irrorated with few*, dark- 
brown scales. Cilia and bind wings os in male but latter with a light, clearly 
defined marginal line. Anal tuft with black-tipped hairs. Under side of wings 
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as in male. Legs with white-tipped, grey hairs. Antennm and palpi dark-bronze 
brown. length 12.5 millimeters, length of wing 11.25 millimeters. 

Habitat: Manila (Banks Coll.). 

On Cocoa mudfera L. 

Types of male and female: No. 4888 in Entomological Collection, Bureau of 
Science., Manila, P. I. 

HEMIPTE1U. 


COCCI Diffl. 


niABPIN.«. 

Chrysomphalus propsimus n. sp. 

Clirysomphalus Ashrn., Am. Atot. (1880), 3, 208. 

- Orange In*. (1880), 21. 

-Lt'on., Kir. Pal. Veg. (1899), 7, 198. 

Aonidilla Berl. o Tieon.. Kiv. Pat. Veg. (1895), 4, 77. 

- Idem. (1899), 7, 174. Type umantii. 

s. g. Melunuspis Ckll, Bui, T. *. S. Dcp. Agr. (1897), 6, 5. Types 
obscurus. 

s. g. Mycetaspis Ckll. Kul. T. ft. L 7 . 8, Dcp. Agr. (1897), 6, 5. Type, per- 
sonatus. 

Inaspidiotns Barmin, Boll, Com. Purnait. Agr. (1901), 229. 

Chrysomphalus Fernald, Cat. Coe. World (1903), 285. 

Type: ficus. 

Female puparimn (PI. I, fig. 2) circular, convex, 1.5-2.5 millimeters in diameter, 
dark-chocolate brown, grayish at margin. Pellicles (PI. 11, fig. 2), dark-golden 
orange, covered with white, waxy film in perfect specimens; central or subcentral; 
a small tuliercular prominence at center of first pellicle, surrounded by slight 
depression. Margins of pellicles lighter than disc, which is scabrous. Ventral 
scale exceedingly thin, white, waxy; often remaining intact upon leaf after upper 
scale has dropped off and giving the surface a moldy appearance. Mule puparimn 
(PI. 1, fig. 3), 0.75-0.90 millimeter long, obtuse-oval in outline; of same general 
color as female; pellicle slightly eccentric or near one extremity and dark-orange. 
Adult female (PI. II, fig. I) : 1.05 millimeters long, 0.90 millimeter wide, nearly 
circular in outline, except posterior urea, which is sharply prolonged to apex of 
pygidium; yellow; mcsothoracic margin very slightly thickened and bearing a 
spine, minutely denticulate at base. (PI. U, fig. 4.) Pygidium (PI. II, fig. 3) 
acute laterally; the 0 lobes subequal in size and each having an acute exterior 
tooth; squaiues deeply compound and fimbriate, 2 in mean], first and second spaces, 
and 3 in third space beyond third lobe. Beyond last squaiues, margin is thickened 
and minutely denticulate, dentations in a continuous group, thus differing from 
Chryttomphalu* aonidium Linn., to which the scale is most closely related. Mar¬ 
gins of abdominal segments quite markedly lohed, each bearing a spine. Two 
spines at base of pygidium on each side. Circumgenital glands in 4 groups, the 
posterior with 4 and the anterior with 6 to 8 orifices. Genital aperture between 
posterior pair of glands. Dorsal pores of tubular segments in 2 subparallel series 
on each side, containing 18-23 orifices, extending halfway to base of pygidium. 
Entire margin of insect exterior to pygidium, minutely serrate, with slender spines 
at irregular intervals. Anterior spiracles opposite middle of rostrum, posterior 
halfway between rostrum and base of pygidium. 

Adult male (PI. 1, fig. 1) 0.88 millimeter long, including genital style, very 
stout; wing 0.60 millimeter long, yellow; apodema darker; eyes crimson-red and 
occupying nearly entire head. Antenna* nearly as long as body, exclusive of the 
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style which is 0.27 millimeter long; antennal segments having long hairs; tarsal 
daw long, slender, spiniform with apex curved. 

Eggs, yellow, 0.15 millimeter long. 

Young: Yellow, 0.18-0.20 millimeter long, 0.13 millimeter wide. 

Habitat: Philippines, Manila; San Miguel du Mayunio, Prov. of Bulacau 
(Banka Coll.). 

On leaves of Cocos nucifera L., both surfaces. 

Type: No. 10164 in Entomological Collection, Bureau of Science , Manila, P. T. 

This species is so like C. aonMium L„ tlmt I hesitated to call it new, 
but the color of the puporia and pellicles of male and female and the 
difference in pygidial characters make the necessity for its separation as 
a new species quite evident. 

Parlatoria green! n. »p. 

Parlatoria Targ., Catalogue (1800) 42. 

-Sign., Ann. Sac. tint. Fr. (1800) (4) 9, 450. 

- .-Green, Corrida' Ceylon (1800), 102. 

--- Fernald, Cat. Cor. World (1003) 318. tit al. in lilt. 

Type: lucasii —ziziphi. 

Female puparium (PI. Ill, lig. 1) pale to dark slate color, lighter at margins; 
of a regular, broad-oval; 1.35 to 1.05 millimeters long, 0.00 to 1 millimeter wide. 
First pellicle broad-oval, narrow in front; of a transparent, yellow-oclier, having 
a broad, emerald-green, median, earinnted band from front to hind margins. 
Second pellicle circular, except, for sqnames at posterior extremity; of same color 
as first pellicle; with a broad, subtriangular emerald green median band from 
anterior margin to disc and transverse, oval patch of the same color at posterior 
extremity. Pcdlicles at anterior extremity of puparium and occupying, in old 
specimens, slightly less than one-half total length. Their axes seldom in line with 
main longitudinal axis of puparium. Ventral .scale a mere flange one-sixth the 
width of the puparium. 

Male puparium (PI. Ill, lig. 2) 0.87 millimeter long, 0.20 millimeter wide, of a 
dirty-white; sides parallel, carinate; posterior margin rounded, posterior area 
flattened. Pellicle similar to first pellicle of female, tipped forward at an angle 
of 45 degrees. 

Adult female (PI. Ill, figs. 4 and 4 A) (living specimen) : Broadly elliptical in 
outline; head tapering; body broadest across posterior three-fourths. Length 
0.60 millimeter, width 0.45 millimeter, somewhat smaller than second pellicle, 
beneath which it lies. Discnl area swollen. Marginal area flattened. Margin 
minutely serrated. Abdominal segments quite distinct, less so at margin. Disc, 
dark-purple, marginal area lighter, almost while in certain points. Pygidium 
pale-ocher tinged with purple. Anterior pair of spiracles slightly posterior to line 
ucross base of rostrum and eaeh two-thirds of distance from rostrum to margin; 
posterior pair, each at a point posterior to apex of rostrum, ecpial to length of 
latter and one-third distance from median line to margin. Skin transversely 
papilliate. Tip of rostrum ocher, base paler, nearly white, length of rostral setre 
one and one-lialf times that of body. Margin bears on each side isolated spines 
not exceeding 6, and a spinous tubercle at a point opposite apex of rostrum. 

Pygidium (PI. Ill, fig. 6) evenly rounded posteriorly. Lobes and squames 
(PL III, fig. 5) of about equal length, tips of squames very slightly longer. Six 
principal lobes suhequal in size, tridentate. Rudimentary lobes distinct, cuspid, 
one-lialf the length of principal lubes. Order of arrangement of lobes, squames, and 
spines from mesal space as follows: 1 squame, 1 lobe, 2 squames, 1 lobe, l squame, 
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1 spine, 2 squames, 1 lobe, 1 spine, 1 squame, 1 spine, 2 squames, 1 rudimentary 
lobe, 1 squame, 1 spine, 2 squames. 1 rudimentary squame, 1 rudimentary lobe, 
1 squame, 1 spine, 1 squame, beyond wliieli a series of modified cuspid lobes on 
margins of second and third abdominal segments. Marginal semi lunar pores prom¬ 
inent, 1) on eueh side, one median; first 2 on each side subtend 2 squames, remain¬ 
der not as wide as 2, but. wider than 1 squame. A submarginal series of dorsal 
oval pores more numerous and thickly placed near base of subinurginal area of 
pygidium. Circiinigenital glands in 4 groups of which the posterior pair contain 
each 5 openings and the anterior 0. This is quite constant. Anal orillce sub- 
marginal on dorsum. 

Adult male not known. 

Eggs (PI. Ill, fig. 3) dark purple 0.28 millimeter long and 0.15 millimeter wide, 
placed transversely beneath scale. 

Habitat: Philippines. Manila (Banks Coll.). 

On upper surface of leaves of Coens nurifera L. 

Type: No. 10105 in Entomological Collection, Bureau of Science, Manila, P. I. 

This species is most closely related to Parlatoria prate,m Curt., but also 
resembles P. penjandii Coinst., from which it differs in the color of the 
scale, P. penjandii Coinst. being of a light yellow, transparent hue, while 
P . (jreeni n. sp. is slate color. The fourth lateral (first rudimentary) 
lobes are more developed and have dentate margins and a sharp terminal 
cus}). The color of the second pellicle is constant and characteristic. 

This species is named in honor of my fried. Prof. E. Ernest Green, 
Government Entomologist of Ceylon, whose indefatigable labors in the 
study of flu? Cocci da* are known and appreciated in all parts of the world. 
Chionaspia Candida n. sp. 

Chionuspis Sign., Ann. Hoc. tint. I •>. (I860), (4) 9, 442. 

_ Fernnld, Cat. Coe. World (1003), 203. Et at. in lift. 

Type: salicis. 

Female pupuriutn (PI. IV, fig. 1) snow-white, 2.35-2.50 mi 11 imeters long, 1.15- 
1.23 millimeters wide. Considerably dilated posteriorly; narrow anteriorly, the 
sectionary area usually reaching middle of second pellicle, but sometimes to its 
anterior margin. Surface smooth, somewhat glabrous and showing only transverse 
lines of growth. Pellicles pale, fulvous, second slightly darker posteriorly. First 
pellicle, one-half the length and one-third the width of second, which it overlaps for 
one-half its own length. An almost imperceptible earinn oti second pellicle. 
Length of second |iellicle 0.77 millimeter. 

Male puparium (PI. IV, fig. 2) snow-white, 0.85 0.00 millimeter long, 0.38 milli¬ 
meter wide, with ill-defined median and lateral citrime. Surface woolly. Pellicle 
one-third length of puparium and of a very pale-fulvous. 

Adult female (PI. IV, fig. 3) length 1.25 to 1.75 millimeters, width 0.65 to 
0.80 millimeter; pale-yellow, pygidium with brownish tinge posteriorly. Form, 
elongate oval. Antcnnie with basal knob, cuspid internally; apical joint stout, 
fleshy, quite similar in sha])e and sire to larger pygidial squames, submarginal, 
on anterior purl of head. Entire surface of body minutely palpillate. Dorsum, 
posterior to a transverse line through apex of rostrum, marked by 2 submedian 
subparallel, linear stomata diverging posteriorly. Abdoiniual segments acutely 
Jobed (PI. IV, Fig. 3). Anterior spiracles having well-defined parastigmatic 
glands and removed laterally from a]M*x of rostrum a distance equal to width of 
latter at base. Posterior spiracles slightly smaller than anterior and placed a 
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little before middle of body, about (‘quidistant from each other and from the 
margin. Pygidiuni (PI. IV, lig. 4) with cirntm genital area marked by a horse- 
Hhoe of snow-white secretion, open posteriorly. Median lobes projecting one-third 
their length from an obtuse jsixterior notch; their interior margins minutely 
dentate (usually 5 dentations). External cusp rounded; laterad of this a small 
tooth; a pair of spines between median lobes. Exterior to median lolie a s pi nose 
squame, a marginal pore, 2 lateral lobes, the larger dentate laterally, and their 
margins rounded. Exterior to luterul lobes, a squame, 2 marginal pores; on 
dentations of margin, a squame, 2 marginal pores, a squame, 2 marginal pores, a 
squame, a marginal pore and 0 squames, latter on third abdominal segment. 
Segmental arena quite well defined by plications and series of dorsal pores, the 
latter forming on each side 4 distinct series as follows: On second abdominal seg¬ 
ment 8 submarginal; on third, 4 submodian and 8 submarginal; on fourth, 3 sub¬ 
median and 5 submarginal; on pygidimn, 2 siibniedian, 5 submarginal and 1 
exterior to anterior group of eireumgenital glands. Cylindrical duets short and 
stout. Circumgenital glands arranged in 5 groups, the median with 8, the 
anterior lateral with 14-19 and the posterior with 14-1(1 openings. Anal opening 
directly above genital—i. e., both lie in same vertical plane. 

Adult male not known. 

Eggs pale-yellow 0.30 millimeter long and 0.15 millimeter wide. Plainly visible 
through body wall of female. 

Lame (PI. IV, fig. 5) pale-yellow, 0.40 millimeter long upon emerging from 

Habitat: Philippines, Manila (Banks Cull.). 

On upper surface of leaves of Cocos nucifrra L. 

Type No. 10102 in Entomological Collection, 111 irk Air ok Sciknck, Manila, P. I. 

Lepidosaphes megregori n. sp. 

Lcpidosaphes Shinier, 7Y. Am. Ent. Hoc. (Jan, 1808), 1, 373. 

Mytilaspis Sign., .4 tin. Hoc. Ent. Er. (1808), (4) 9, 91; not described. 

Phaulomytilus Leon., Riv. Pot. Vcg. (1897), 6, 205, 200. 

Coceomytilus Ia*oii., Riv. Pat. Vcg. (1897), 6, 205, 200. 

Trichomytilus lieon., Riv. Pat. Vcg. (1897), 6, 205, 200. 

lcpidosaphes Fernnld, Cat. Cor. World (1903), 304. 

Typo: conchiformis — ulmi. 

Female puparium (PI. V, tig. 1) 2.50-2.05 millimeters long, 0.00 0.76 millimeter 
wide; very long and narrow, with the sides gradually diverging posteriorly and 
well rounded dorsally; clear, red-brown, with lighter to whitish margins; trans¬ 
verse stria* separated into groups by more pronounced earina*. First pellicle 
broadly oval, yellow-oebraceous, with broad, median earina and 2 waxy, anterior 
hornlike projections; second pellicle slightly darker, more elongate, narrowing 
abruptly and acutely posteriorly, hind margin and an anal patch light ochvaeeous, 
with u transverse discnl earina and a decided spine on margin of second abdominal 
segment. 

Male puparium (PI. V, flg. 2) 1.45 millimeters long, 0.35 millimeter wide, 
narrow anteriorly and widening behind; posterior margin subcircular. Pale, 
yellow-brown anterior, waxy, horn like projections lacking; posterior and lateral 
margins narrowly white; a transverse, pre-anal, thin portion of scale marking 
portion which may be elevated for escape of adult male. 

Adult female (PI. V, fig. 5) 0.90 0.95 millimeter long, 0.35 millimeter wide, of 
a light-yellow, almost white; the anterior extremity slightly narrower, widest 
part just anterior to pygidiiun. Antemius halfway between front margin and 
base of rostrum and having each an axillary spiue mediad, nearly equal to them 
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in length. Anterior spiracles opposite apex of rostrum and halfway to lateral 
margin, with a few stignmtic orifices anteriorly. Men turn subtriangular. Pos¬ 
terior spiracles conspicuous. Abdominal segments easily differentiated and 
strongly lobed at margins; first segment spineless, second with 3, third and fourth 
with 4 spines each. Thoracic cuticle not especially chitinous; irregularly papil- 
Hate. Fygidium (PI. Vi, fig. 3) narrower than long, pale-ochraceous, slightly 
darker than abdominal margins. Anal orifice three times its own diameter, from 
anterior margin of pygidium, protected on each side by a longitudinal fold, the 
2 converging posterior to anus and exteriorly to disc of pygidium in parallel lines. 
C'ircunigeiiiLnl glands in 5 groups, the median with 4 orifices, the anterior lateral 
with 0 and the posterior with 5 to fi. The grouping is not well defined. Median 
lobes broad, their surfaces crenulate. rounded, and having a distinct tooth at each 
side; second pair of lobes double, their margins straight. A median, acute tuber¬ 
cle in mesal space, with a long spinous sqimine on either side; 2 squames between 
first and second double lobes; 2 beyond second double lobes, 2 groups of 2 each 
toward base of pygidium. Margin of pygidium beyond lobes thickened and mi¬ 
nutely serrated, with 3 prominent teeth, in the first 2 of which are 2 oval, gland¬ 
ular orifices, in the basal of which, one. Another similar orifice between median 
and seeoml lobes, making total of 0 for eaeh side. Genital orifice one-third distance 
from median group of circumgeiiital glands to posterior margin. Numerous, 
circular, dorsal pores irregularly arranged, 2 being submedian posteriorly, 1 below 
each of second lotos and remainder near center of disk. 

Adult male not known. 

Kggs (PI. V, fig. 3) 0.28 millimeter long, 0.11 millimeter wide, of a rather light 
purple, very regularly arranged in pupariutu (PL V, fig. 4). 

Larva (PI. VI, fig. 2) 0.21) millimeter long. 0.11 millimeter wide, slender, some¬ 
what polygonal, bright-yellow, having a prominent spine on posterior, lateral 
margin of mesothorax. Antenna; slender, transversely striate, with few hairs, 
2 stout ones at tip; a few spines on posterior and anterior extremities, 2 sub- 
median caudal setae one-third length of body. Tarsal knobbed hairs twice length 
of ungues. 

Habitat: Philippines, Manila (Banks, Coll.). 

Oil both surfaces of leaves of Cocos nucifera L. 

Type: No. 10142 in Kntomological Collection,- Bureau or Science, Manila, P. 1. 

This species differs from L. cocculi Green in having no cephalic 
transverse fold, in the ventral scale being incomplete, in the color and 
disposition of the eggs, and in the form of the median lobes. In addition, 
the general appearance of the scale and the perceptible prolongation of 
the anterior, waxy, horn-like projections readily differentiate it as a 
separate species. 

1 take pleasure in naming this species for my friend Itichard 0. Mc¬ 
Gregor, a most diligent collector and an accurate observer of insect life 
in the Philippines. 

Lepidoaaphet unicolor n. sp. 

Female puparium (PL VII, fig. 1) 1.80 1.90 millimeters long, 0.50 millimeter 
wide, of about the same general shape and size as L. megregori n. sp., except 
that fore end of first pellicle is more acute and marginal flattening is hardly per¬ 
ceptible; of a dark-red or dark-cherry-brown including both pellicles, except a 
lighter patch on sides and caudal end of second. Both pellicles with median 
carina, puparium transversely multicarinate (usually 7 carinae), the carinn sep- 
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a rating tranavenwly-striate, paler areas. At posterior end there in a pair of 
subparallel, longitudinal elevations or carimp. This feature appears to be 
constant. 

Male puparium not known. 

Adult female (PI. VII, ilg. 3) 0.00 to 0.05 millimeter long, 0.55 millimeter wide, 
of a pale, transparent, cream-color, nearly white, narrow anteriorly, widening 
uniformly to third abdominal segment, then somewhat abruptly rounding to extrem¬ 
ity. Front rounded; latero-frontal angles of head produced laterally into spinose, 
concentrically papilliate knobs. (PI. VII, fig. 4.) Antenna nearer front than 
base of rostrum; secondary spine us long ns primary and usually strongly curved. 
First spiracles opposite mention, nearer margin. Abdominal segments strongly 
produced laterally, then posteriorly. The second, third, and fourth with 3 to 4 
stout spines and the second with a lateral cusp. . Pygidium pulc-ochrueeous. Cir- 
cumgenital glands hardly separated into groups, but consisting of an anteriorly 
curving series of 24 orifice*, the median 4 of which are slightly separate from the 
laterals. Anal orifice a little more than its own diameter from base of pygidium; 
genital one-third the distance from the median group of glands to caudal margin. 
Median lobe* as in L. meyregori n. sp. Second double lobe* with margins more 
rounding. Squames pseudo-fimbria to, the single fimbrintion indicated on each by 
mere acute tubercle. (PI. VII, fig. fi.) A median acute tulierclu is present 
between niesal squames. Marginal orifices, on each side, with cylindrical spin¬ 
nerets long and narrow; neither as large as in L. mcgmgori n. sp. On dorsal 
urea of pygidium are irregularly placed oval discs 1 pores which are quite prom¬ 
inent in all specimens. 

Adult male not known. 

Eggs (PI. VII, fig. 5) snow-white, 0.215 millimeter long, 0.10 millimeter wide, 
Honicwhut conical in form and laid in regular rows lieiieuth puparium. 

Larva? (PI. VII, fig. 7) pale-yellow, 0.25 millimeter long. 0.11 millimeter wide. 
Rather stout oval; front with 4 curved seta*, nientuni circular, unteuiue moderately 
stout, setose. Apices of tilth? larger than bases; caudal margin with 0 spines on 
each side. 

Habitat: Philippines, Manila (Ranks, Coll.). 

On upper surfaces of leaves of (-W nucifera I.. 

Type: No. 10171 in Entomological Collection, IIckkau of Science, Manila, P. I. 

This scale is quite distinct in appearance from L. nirgregori n. sp. 
Its color is uniform and the transverse cnriim* are fewer and less prom¬ 
inent on the puparium. The? 1 irregularly placed diseal pores of pygi¬ 
dium are not present in L. megrognri n. sp. The great length and 
shape of the lateral abdominal margins and the shape of the squames 
serve to differentiate this as a new species. 

Paralecanium cocophyllae n. sp. 

s. g. Parelecuilium Ckll. & Parr.. The Industrialist (1800) 277. 

Ckll., (Jan. Ent. (1001) 33,57. 

g. - -- Ckll., A tin., Mag. Nat. Hist. (1002) (7) 9, 455. 

.. .— Fernald. Cat. Coc. World (1005) 100. 

Type: frenchii. 

Adult female (PI. VUI, fig. 1) 4-5 millimeters long. 3.5 4 millimeters wide; of 
a broad oval, almost circular and very slightly narrower anteriorly ; margin with 
shallow, obtuse notches at stignmtic and unul clefts. Of a pale, transparent 
yellow; a distinct marginal area which is applied to leaf and which has its 
interior border marked by a thin, golden line. An orange-yellow patch on each 
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Hide oi posterior area marking position of ventral egg cavities. These cavities 
lined with an orange-colored, viscid substance which soon dries upon exposure. A 
Hubmargiiml translucent area and a similar median one through which movements 
of internal organs are visible. An irregular, broken line of dark-brown spots, 
internally, shows through dorsal wall and probably marks lower part of ali¬ 
mentary canal. Dorsal surface minutely punctuate, and covered with a very thin, 
waxy substance in addition to a well-defined, longitudinally curved series of trip¬ 
licate, polygonal, waxy lamina*, the smaller of each of which is uppermost. 
These lamina* are arranged as follows: A median series of 0 (sometimes the pos¬ 
terior is divided to form a seventh), a submedian of 9, a suhmnrginal of 111 to 1(1 
and a marginal of 28 to 30, on each side. (PI. VIII, fig. 1.) The lamina* mark 
the insect's stages of growth. (PI. X, fig. 4.) Kegularly arranged sul>oval pores 
over entire dorsum (PI. VIII, fig. 2), but on each side of anal plate there is an 
outwardly and anteriorly curving series of 4 groups of pores. (PI. VIII, fig. 7.) 
Marginal area with roniform, radiating colls arranged like scales on a fish. Anal 
opercular scales (PI. VIII, fig. 5) triangular, pointed; the free edge being about 
equal to or slightly longer than base. Stigmutic clefts circularly incised at 
margin and invariably with 3 long, stout, blunt, curved spines (PI. X, fig. 2), 
these spines not attaining outer margin, taking removed their own length there¬ 
from. Margin with series of fiabellifonu scales slightly overlapping (1*1. VIII, 
fig. 4), which are wider in proportion to their length than those of P. ( Lecanium) 
expanstum Green. Between the bases of fiabellu*, the margin is minutely dentate, 
the number of dentations being nonuniform. Eyes, red-brown, shining, placed 
two-thirds distance from rostrum to margin. Antenna* (PI. VIII, fig. 3) indis¬ 
tinctly 3 jointed, placed nearly in a line with and between rostrum and eyes at 
3 times their own length from latter. Legs wanting. Genital orifice (PI. VIII, 
figs. 5 and 0) obovate. anterior to ufuil apereuluin at a distance equal to length of 
latter; containing an interior series of small and an exterior of large glands or 
pores. Exterior to orifice on veitlrutn minute spinnerets in 4 ill-defined groups on 
each side. 

Male puparium (PI. IX, fig. 2) 2.27 millimeters long, 1.20 millimeters wide, 
elongate-oval, silieious or waxy in structure, more convex than female and con¬ 
sisting of 17 plates, the posterior median being double the length of the anterior, 
thus differing from that of /*. ear pansum Green in which the posterior median 
plate is divided, forming 2, or a total of 18. Upon each plate a series of widely 
separated waxy lamina*, indicating larval covering. (PI. X, fig. 4.) 

Adult mule (1*1. IX, fig. 1), length, including genitalia, 1.55 millimeters; length 
of wing 1.18 millimeters, of a uniform, pale yellowish-ocher, apodetua darker- 
ocher. Eyes bright crimson. Antciuue somewhat thickly and evenly setose from 
base to apex and with 3 knolil>ed hairs on last segment. Nervures of wings 
slightly darker than membrane. Legs as setose as antenna*; tarsal claw ueutely 
conical. 

Eggs (PI. XI, fig. 2) pale-yellow, 0.38 millimeter long. 

Larva* (1*1. XI, fig. 1) of same color as eggs, 0.48 millimeter long, 0.2(1 milli¬ 
meter wide, the caudal seta* one-seventh length of body. Eyes brown-red, mar¬ 
ginal. Anal cleft strong and deep (PI. X, fig. 1.) 

Habitat: Philippines, Manila (Banks, ('oil.). 

On under sides of leaves of Coen* nucifera L. in fair abundance. 

Type: No. 10141 in Entomological Collection, Bureau of Science, Manila, I*. I. 

This species differs from Z\ expanmm CJreen chiefly in the color, the 
shape of the Jhibelhv, and the number of spines in stigmatic deft, in the 
female, in. the number of {dates in the male puparium and the color of 
the apodema of the male. 



ILLUSTRATIONS. 

[All figures arc highly magnified; exact size 1 h Indicated in descriptions.) 


Platk I. 

Fig. 1. Chrysomphalvs propsimus Banks, adult, male*. 

2. Female puparium. 

3. Male pupariiim. 

Platk II. 

FlO. 1. VhrytiomphaluH propoftimus Banka, adult female. 

2. First anil second jadliHes. 

3. Pygidium of female. 

4. Lateral spine of female. 

5. Egg. 

Platk 111. 

Fin. 1. Purlatoria grecni Banks, female puparium. 

2. Male pupurium. 

2 A. Lateral view showing angle at which pellicle is inclined. 

3. Egg. 

4. Adult female. 

4 A. Lateral view. 

5. liohe and sipuune of pygidium. 

(1. Pygidium of female. 

Platk IV. 

Fin. 1. Chitmokpi* Candida Banks, female puparium. 

2. Male puparium. 

3. Adult female. 

4. Pygidium of female. 

5. 1-rfirva immediately after hatching. 

Platk V. 

Fig. 1. LcpidasaphcH mvyrcgnri Banks, female puparium. 

2. Male puparium. 

3. Egg. 

4. Under surface of female puparium showing adult, eggs and eggshells; 

latter toward posterior extremity and closely compacted. 

5. Adult female. 

Platk VI. 

Fin. 1. Lepidosaphen megregori Banks, second |»ellicle. 

2. lairva immediately after hatching. 

3. Pygidium of female. 
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Plait: VIL 

Flu. 1. Lt-pitlnsaphrat unicutor Punks, female puparinm. 

2. First and second pel licit*. 

3. Adult female. 

4. Frontal margin of female, showing anlcntur and antero lateral prominences 

or knobs, 
a. Egg. 

ti. Pygidium of female. 

7. Larva, immetliatelv after hatching. 

1*1.ATK VIII. 

Flu. 1. VamU’vnnium voctifthfflhr Hanks, adult, female. 

2. Magnified portion of derm, showing irregularly oval cells. 

3. Antenna of female. 

1. Marginal flabella*. 

f». Genital orifice and anal operculum. 

(i. (ieiiital orifice, highly magnified. 

7. Operculum of female showing curving series of pellucid glands extending 
toward margin. 

Platt: IX. 

Flu. 1. J*(irtthnntium cocapin/11 a- Hanks, adult male. 

2. Male pupariuin showing superposed lamina*. 

3. Male pupa. 

Plait; X. 

Flu. 1. I'aniU'cnnium c*o cophylhv Hanks, caudal extremity of larva. 

2. Stigmatie cleft of female with spines and marginal llabelhe. 

3. Mouth parts of female. 

4. A single division or plate of male puparium showing dorsal lamina* of 

larva, separated by growth of the insect. The sides which were formerly 
proximate are numbered from 1 20. 

Plait. XT. 

Fin. 1. Pnniln-ani inn cocoplij/lhr Hanks, larva immediately after hatching. 

*2. Egg. 

3. Antenna of larva. 

4. Anterior leg of larva, 
a. Middle leg. 

f». Posterior leg. 




Plate I. 







































Banks: New Philippine Insects.] 
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Vaccine or with Variola Virus, p. 320. 

2. On the effect, of the locus of inoculation upon the Development of the 

Immunity, p. 323. 

3. On the time of development of the Immunity after inoculation of the 

skin with Vaccine or with Variola. Virus, p. 327. 

PART IV. 

Tlio Occurrence of Cytonjctcs rarioUv Uuarnieri, in Experimental 
Variola anil Yueeinia in Monkeys and in 11 ic Oran# titan, p. 333. 

PART V. 

Studies upon the Reactions of Variola Virus to Certain External 
Conditions, p. 311. 



INTRODUCTION. 


Tlio investigation of smallpox is attendee] with diiliculties. The 
disease only appears at intervals. The eases are not treated in well- 
organized hospitals where there an* facilities for and the habit of the 
investigation of diseases. As a rule the hospital in which the disease 
is treated an* used only at intervals and are unprovided with laboratories. 
Clinical teaching, the great stimulus to research, has no place in them. 
The energies of the physician in charge are entirely taken up in con¬ 
trolling the exigencies of an unusual situation. This isolation of the 
disease is unfavorable in that the valuable aid given hv constant com¬ 
parison with other diseases is lost. 

Difficulties also attend the experimental study of smallpox. Such 
study can not be carried out in ordinary laboratories, owing to the fear 
of infection extending from the laboratory. 2 The ordinary laboratory 
animals such as rabbits, guinea pigs, and all the domestic animals are 
immune to the disease; the only animal, so far as is known at prevent, 
which is susceptible is the monkey. These are expensive, diflieult to 
acquire, and in this climate* very susceptible to disease. The majority 
of monkeys obtained from animal dealers an* infected with tuberculosis. 

During the epidemic of smallpox which prevailed in Boston in 1!N>1 
and 1!M)2, an investigation of the disease was undertaken by members 
of the pathological department of the Harvard Medical School. The 
health authorities of the city gave (‘very facility for investigation which 
was possible. Autopsies were hold on .V2 cases, embrac ing all forms of 
the disease* and provision was made* enabling certain of the investigators 
to live in the smallpox hospital and there to undertake some* experimental 
work. 

Til the course of this investigation it was found that certain eell 
inclusions, first described by (luarnicri, were constantly associated with 
the lesions of both vaccinia and variola. These bodies are not of invari¬ 
able form, hut they show a series of forms corresponding to the develop¬ 
mental phase's of a living organism. In the course? of this development- a 
body much larger and more complicated in structure follows the* smallest 
and simplest forms, which body finally segments into a number of small, 

2 It is remarkable* how persistent is this fear of smallpox. That it so persists 
is an evidence of the horrors of the disease in the prevaeeination period. There is 
no disease which is so feared by the community as is smallpox, and certainly none 
against which we have such perfe»et protection. 
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simple forms corresponding to the ones which are 11 in first to appear in 
the lesions. In variola, in addition to the forms common to both vac¬ 
cinia and variola which are found in the cytoplasm of the epithelial cells, 
a new body appears in the nuclei of the epithelial cells, which undergoes 
a development dissimilar to that of the cytoplasmic* forms, and which 
finally results in the formation of a sporoblast with spores. 

It was believed by the investigators that these inclusions were living 
parasites and that in both vaccinia and variola there was a simple develop¬ 
ment taking place in the* cytoplasm of the epithelial cells. In smallpox 
there was a further development which took place within the nucleus and 
which terminated iti the formation of spores, which spores constituted 
the contagium of smallpox. The material was further worked over by 
Prof. (i. N. Calkins, of Columbia University, who described n life history 
embracing both the cytoplasmic and intranuclear forms. It was further 
established that when vaccine virus was inoculated in a susceptible animal 
(and most, animals are susceptible) a typical lesion was produced in which 
only the cytoplasmic forms of the organism were* found. The same was 
true when variola virus was inoculated in animals not susceptible to 
variola. No exanthem develops on such animals after inoculation with 
variola virus. When variola virus was inoculated on the monkey an exan¬ 
them analogous to that of variola in man was produced and in both the 
primary lesion and in Hie exanthem the cytoplasmic and the* intranuclear 
forms of the parasite were present. 

The investigation in Boston was brought to a close by the lack of cases 
and the difficulties of experimental work. It had been carried to a point 
where further experimental work was necessary to secure all phases of the 
disease variola, to study further the interrelation between variola and 
vaccinia and tin* immunity problems involved. For these purposes the 
extensive use of monkeys as experimental animals was indispensable. 

To secure experimental material, the best conditions for laboratory 
work, with access to variola in man to obtain fresh virus, the Biological 
Laboratory in Manila seemed to offer the best facilities. The proposition 
was favored by the United States Philippine (Commission, who gave us 
every facility for the prosecution of the work, and Drs. W. 11. BrinekerholT 
and F. F. Tyzzer, who had taken a prominent part in the investigation of 
smallpox and vaccinia in Host on, were sent to Manila. To the Hon. Dean 
(\ Worcester, Secretary of the Inferior of the Philippine Islands, we wish 
to express our appreciation and thanks for his numerous efforts in our 
behalf. Dr. Paul (\ Freer, Director of the Bureau of Science,* 1 took much 
interest in our work and essentially furthered it. Dr. Richard P. Strong, 
-Director of the Biological Laboratory, Bureau of Science, in which we 
worked, was a constant support to us in our work and did much to make; 

3 Sinn? tin* completion of the experimental work detailed in this paper, the 
Bureau «»f fSoveriunent Laboratories of the Philippine Inlands has been increased 
in its scope and its name has hocn altered to The Bureau of Science.—K dittm. 
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our stay agreeable as well as scientifically successful. We wish also to 
ox loud our thanks to tin* members of the laboratory stall*, especially to Dr. 
Win. E. M usgravc, Pathologist, Dr. Win. B. Whorrv, Bacteriologist, and 
Dr. Maximilian Herzog, Pathologist, for many favors. 

The constant supply of fresh variola virus requisite for our work was 
secured through the kindness id* Maj. K. C. Tarter, Commissioner of 
Public Health, and of Dr. \ . ({. Hciscr, Child* of the Quarantine Service. 
A constant supply of fresh vaccine virus was given us by Dr. Paul (i. 
Woolley, chief of the Serum Laboratory, Bureau of Science. Dr. W ,r . R. 
Moulden, resident physician at Hi I iDid Prison, and Dr. 11. B. Wilkin¬ 
son, resident physician at the San Lazaro Hospital, gave us opportunity 
to study the clinical material under their control. 

The greater pari oi the funds which made the expedition possible was 
generously supplied by Mr. Augustus Hcmcnway, Dr. John C. Phillips, 
and Dr. Win. L. Richardson. The Rockefeller Institute for Medical 
Research aided the expedition by appointing one of flic workers to a 
research f el lowsh i p. 

If material taken from a smallpox lesion on man ho inoculated on an 
epithelial surface of a calf, after a definite period, a lesion which anatom¬ 
ically closely resembles the parent lesion, the pock is produced. Its ap¬ 
pearance is accompanied by swelling of the nearest lymph nodes, fever and 
constitutional disturbance. After the process has subsided there is im¬ 
munity to further inoculation. The material from the lesion, transferred 
to an epithelial surface on another calf, produces a similar result, and 
after a series of transfers from animal to animal may he returned to man, 
and it develops not the original disease, smallpox, but the incomparably 
milder disease, vaccinia. 

Many of the strains of vaccine virus now used are known to have been 
derived from smallpox and wo are justilied in believing that all strains 
were originally so derived. Just how many transfers from animal to ani¬ 
mal is necessary before the virus loses its power to produce smallpox is not 
known. One of our experiments in this regard is interesting. The con¬ 
tents of a smallpox vesicle in a monkey was used to inoculate the cornea 
of a rabbit. After 5 successful transfers to other rabbits the virus was 
used to inoculate a monkey and not vaccinia, hut smallpox was produced. 
The disease vaccinia confers immunity not only against vaccinia but 
against smallpox. The immunity, although not absolute, is stronger than 
is developed bv most other infectious diseases. \ aceinia ditiers from 
smallpox in three striking respects: 

First. The period of incubation is shorter, being in man d days. The 
incubation period of smallpox is 12 clays. 

Second. In vaccinia there is no general exanthem. There may he a 
few vesicles around the point of inoculation, but they develop simulta¬ 
neously with and not after the main lesion and are probably due to a 
distribution of the virus at the time of inoculation. 
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Third. For <lie development of vaccinia it is necessary that the virus 
directly reach a susceptible epithelial surface. Tt may be placed on such 
a surface or it may be carried there bv the blood after having been injected 
into the blood circulation. The disease may also be transferred from 
individual to individual by immediate or intermediate contact-, but there 
is no evidence that the virus can he transported by the air as can that of 
smallpox. 

It agrees with smallpox in the similarity of the lesion produced by 
inoculation to tin* pock and in the fact that both diseases may be produced 
by the virus of variola. 

Tf material from a smallpox lesion be placed in contact with a suscep¬ 
tible epithelial surface of man or of the monkey, there develops at tin* site 
of inoculation a lesion larger, but having the general characteristics of the 
pock, together with constitutional disturbances and an exanthem less 
abundant but otherwise similar to the exauthem of smallpox. Immunity 
to both vaccinia and smallpox follows the disease. All that we know of 
variola inoculata in man is from the old literature. Inoculation of small¬ 
pox to confer immunity is no lougcr practiced in civilized lands. Plehn 
mentions that it is still practiced among the natives in Central Africa. 
We know that the disease so produced is incomparably milder than small¬ 
pox. The best results were obtained when the inoculation was made 
superficially. The period of incubation is S days. There is no doubt 
that the practice of inoculating smallpox to confer immunity would have? 
been extensively used and possibly still used were it not. for the fact that 
the inoculated individual is capable of transmitting to others the true 
disease. There is no qualitative difference in the virus of variola inovn - 
lata as compared with that of variola vera . The disease differs from 
variola vera in its milder course and shorter period of incubation. There 
are no records of inoculation being made elsewhere than on the skin. The 
lymph nodes become swollen, but there have been no histological examina¬ 
tions of the skin lesions nor of the internal organs of man. 

We believe that the disease which is produced in monkeys by inoculation 
with smallpox virus most closely corresponds with variola inovulala in 
man and wo have so spoken of it. In variola vera the in fed ion is due 
to a virus which can be carried by the air, and infection usually takes 
place without either mediate or intermediate contact. The monkey is 
not susceptible to an air borne-virus. The disease was never transmitted 
from an infected animal to others in the same cage. The monkeys were 
exposed to the disease in the wards and infected material was placed in 
the cages with them. Thinking that the anthropoid apes might prove 
more susceptible, Orang utans were procured from Java and subjected to 
the same conditions. One of the Orang utans was given a blanket from 
a smallpox patient, which it used to cover itself with, but without infec¬ 
tion ensuing. 



245 


The leucocyte reaction in smallpox is striking. In the early skin 
lesions there is an absence of leucocytes, the blood shows a hypo-leueocy- 
tosis, and marrow and spleen show absence of formation of polynuclear 
leucocytes. There is increased activity in both marrow, lymph nodes, 
and spleen, but the differentiation of young cells into polynuclear ones 
does not take place. In the monkey there is none of this. Both the area 
of inoculation and the exanthem shows an abundance of polynuclear 
leucocytes, and the marrow shows a leucoblastic activity. It would be 
most important to know if this wore also true of variola inoculata in man. 

The shortness of the period of incubation in monkeys also speaks in 
favor of variola inoculata, but there is no variola vera with which to 
compare it. The incubat ion period of vaccinia in man varies as compared 
with that of animals. The first thought which arises in endeavoring to 
form an hypothesis in explanation of the difference between variola vera 
and variola inoculata in man is that the inoculation is made into a rela¬ 
tively resistant tissue, and before the organisms have time to develop suf¬ 
ficiently and so to infect the blood that an extensive skin eruption is 
produced by embolism, the organisms arc destroyed or rendered inert by 
the immune substance. This would satisfactorily explain the mild course 
but not the short incubation period. The incubation period in the mon¬ 
keys was found to be very definite. Tt. did not materially vary whether 
the inoculation was made in the trachea, or by blowing dried virus into 
the lungs, or bv injecting it into the blood. In the inoculated monkeys 
the lesions in the bone marrow and testicle, which we have learned to 
regard as a characteristic feature of smallpox, arc* absent. In one monkey 
only, in which an abundant exanthem followed intratracheal inoculation, 
a single characteristic lesion was found in a seminal vesicle. We do not 
know' that a virus similar to that which produces the infection in variola, 
vera is formed in the monkey. The only way this could be proven would 
be by exposure of nonprotected individuals. 

Variola inoculata in the monkey differs from variola vera, in the rela¬ 
tively smaller numbers of the intranuclear parasites which are present. 
The same forms arc found as in man, but are so few that a prolonged 
search may he necessary to find them. They wen* found in greatest num¬ 
bers in 2 cases, one an Orang utan and the other a Philippine monkey 
inoculated in the trachea. Of course, we know nothing as to the relative 
abundance of intranuclear forms in variola inoculata in man. 

Certain experiments were made in the Philippines with reference to 
the immunity produced by vaccinia as compared with that produced by 
variola inoculata. These experiments were not sufficiently numerous and 
varied to cover the entire field. However, they show certain interesting 
features. The immunity produced by vaccinia is stronger and more fully 
protective than that produced by variola inoculata. Further, vaccinia is 
a more potent virus than that of variola. It was found easier to produce 
immunity to variola inoculata than to vaccinia. The evidence is that 



246 


the immunity is germicidal in character for the serum of an immune 
animal renders vaccine virus inactive. We have not been able to make 
any tests with the serum of monkeys immunized by the variola virus. 
Experiments made to test the 1 influence of unfavorable external conditions 
on the virus of vaccinia and variola showed that vaccinia was much more 
resistant. The variola virus seems to undergo an attenuation after 
passing through a series of monkeys, finally losing the power of producing 
an exanthem, although a typical local lesion followed inoculation. Thu 
same was true of variola virus which had been subjected to the influence 
of glycerin for various periods. 

rt is generally believed that in man the primary variola infection hikes 
place on some mucous surface, systemic infection following from the 
development of the organisms at the primary focus. There is no anatom¬ 
ical evidence for this assumption. Such a protopustule lias never been 
found. In the T»2 autopsies made* in Host on careful search was made 
for such a lesion, hut in vain. The period of inoculation in smallpox runs 
its course without symptoms, hut it would he possible for such a lesion to 
exist in the lungs without producing symptoms, as can a considerable 
tuberculous focus. Wo have randy produced the evidence of systemic 
infection shown either by immunity or exanthem by inoculating on the 
mucous membrane of the nose, mouth, nr,palate, or on the cornea. In 
these places, owing to the absence of a dense, horny layer which would 
retain the products in the 1 lesion, an open ulcer was formed and absorption 
was prevented. Systemic infection did result both from intratracheal 
inoculation and from blowing the dried virus into the lungs. In this case 
absorption would take place both from the lesion and from the mucous 
surface. The type of disease produced in the monkey was not affected by 
varying the place of inoculation. By insufflating the virus into the lungs 
a peculiar form of pneumonia was produced with proliferation of the 
alveolar epithelium and with the cytoplasmic forms of eytorvetes in the 
epithelial cells. The evidence shows that variola infection can take place 
in the lungs. 

The work in Manila has confirmed what was stated in the earlier publi¬ 
cations concerning the eytorvetes, hut has added nothing. We feel sure 
from our work that the inclusions in the cells of the lesions are living 
organisms. It seems also sure that tin? organism described does not con¬ 
form to the type of the other known organisms. The evidence that the 
things described are living, comes in part from the analogy of structure 
with other things which are generally recognized as living organisms, and 
in part from the analogy with living filings which they give by progres¬ 
sive growth and differentiation of structure. Certain forms are found at 
certain intervals of time and they occur in sequence. Ft. has not been pos¬ 
sible to show in them nuclear material with the Homanowsky stain nor, 
so far as I know, has it been possible to stain with this the nuclei of 
malurial parasites in tissues. In the investigation of smallpox we arc 
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unfortunately limited to tin* tissues. We have* never been able with cer¬ 
tainty to detect either in the virus of smallpox or vaccinia, or in the blood 
ol an inlected animal or man, the forms which in the tissue we recognize 
as parasites. If the very minute* bodies which we speak of as gem mules 
in the Cytoplasmie eyele and as spores in the nuclear evele were present 
in such fluids, we do not know how they could la* recognized. The bodies 
can only he regarded as parasites or as products of cell degeneration. If 
degenerations, they are totally unlike any of the ordinary substances found 
in tiegenerating cells. Moreover, their presence inaugurates the cell 
changes which arc found in the lesions. The cytoryctes occur in cells 
which hut for their presence show no departure from the normal type. 
They arc specific. No other disease shows the same changes in the cells. 
If degenerations, it would lie necessary to assume that tin* virus of small¬ 
pox causes certain cells to produce substances within them which have a 
certain form and size and which grow and change their structure with 
growth. In other diseases silch as mullnsrnm confa<jiostun and in the 
epithelioma rontfujiosum of fowls we (iud substances in the cells which 
are regarded as degenerations and which in their mass and extent arc* 
specific. Hut the character of the degeneration is not specific, and the 
same changes arc* found in single c ells in other processes. Along with the* 
inclusions in cells, which are definite in size* and form and which we 
recognize* as parasites, there arc others whic h arc* irregular and indefinite. 
We are inc lined to regard these* in part as imperfectly developed or degen¬ 
erated parasites. The immune substance prod need in variola and vac¬ 
cinia has been shown to act as a germicide. If may he formed in the 
lesion or elsewhere, hut it certainly is present- and may exert its influence 
on the organisms which arc* present. We believe that the* inclusions arc* 
living organisms for tlu* reason given and that they arc* the* cause of 
the disease because* their relation to tin* lesions is that of other causal 
organisms. 

in our work on smallpox which is now nearing its temporary con¬ 
clusions, certain questions have* presented themselves. These questions 
relate: First., to the* parasite* and its life history. Second, to tlu; inter¬ 
relationship of vaniiiia. variola inoculala. and variola vern. 'Third, the 
immunity and its mode* of production. Fourth, to the* mode of produc¬ 
tion of the exanthem. Fifth, to the mode of infection in variola vera. 
In our work both in Boston and Manila we feel that we have* made some 
contributions to all these questions. None of them arc* completely an¬ 
swered. Their answers involve* long and arduous work by skilled inves¬ 
tigators, on both vaccinia, variola in man, and the experimental disease 
in monkevs. For the* work a constant, supply of virus and of animals 
for experiment is necessary, and we believe* that the work can only be 
carried out in places where both these* conditions can he* lulfilled. I he 
most important contribution which could at present he* made would lu* 
the discovery of an animal in which variola vent can he* experimentally 
produced. 



A CRITICAL REVIEW OF THE LITERATURE ON EXPERI¬ 
MENTAL VARIOLA AND VACCINIA IN THE MONKEY. 


Thu literature bearing upon the reactions of the monkey to inoculation 
with the virus of vaccinia or of variola is to be found in fifteen publica¬ 
tions, which are briefly summarized below. These articles will first be 
considered separately in chronological order and the findings will then be 
combined so as to present a connected account of our present knowledge 
of the subject: 

Zul/.er, 1874, attempted to produce variola in “Cereopithocus.” This author 
describes briefly the results of experiments on 5 monkeys. Two animals were fed 
with a mixture of bread and variolous material. No disease followed this pro¬ 
cedure. The hair was clipped from an area on the back of one monkey, enre being 
taken not to injure the skin, and variola virus was put in contact with the skin, 
where it was allowed to remain for three hours. The animal showed no reaction. 
One monkey was inoculated on the skill with blood from a case of hiemorrhagic 
variola. This monkey showed a rise in the body temperature which ranged 
between 40.8° and 41.4° C. from the sixth to the eleventh day of the experiment. 
A profuse general exanthem developed. One monkey was given dried variola virus 
to play with and in this animal the same phenomena was seen as in the animal 
inoculated with the variolous blood. 

Huist, 1887, records certain experiments which are only of value in that they 
showed the susceptibility of the monkey to variola and to vaccinia. 

Copemnn, 1894, reports a rather extensive series of inoculations of “Rhcesus” 
monkeys with variola virus and with 2 sorts of vaccine virus, lie found them 
susceptible to all 3 viruses and nlso found that each virus protected against a 
second inoculation with the others. Two monkeys inoculated subcutaneously with 
vaccine virus were later shown to he immune to skin inoculation with the same 
virus. One monkey received an intraperitoneal injection of oxalaled plasma from 
a monkey which had been rendered immune to vaccinia and to variola by inoeula- 
tion. This animal was vaccinated 14 days later and it was noted that the lesions 
did not develop as well ns upon a control monkey inoculated at the same time 
with the same vaccine virus. This author llnds that the acme of the lesion at the 
site of inoculation is on the eighth day, both when vaccine and when variola virus 
is used. Vesiculation is not so marked in the pock resulting from variolation as 
in that following vaccination. A general exanthem was noted in some of the 
monkeys after inoculation with variola virus. These monkeys also showed consti¬ 
tutional reaction to the inoculation, as was evidenced by fever, diarrluea, suffusion 
of the eyes, and some malaise. The temperature reaction was more marked in 
them than in the monkeys inoculated with vaccine virus. 

In 1895 Sternberg reported the results of experiments by Reed in immunizing 
monkeys against vaccine with the serum of vaccinated calves and monkeys. Ccr- 
copithccuH mona, “ Rluvstust” and Cobust oprlln were employed. In two instances 
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C. in (inn was shown to road in a typical manner to skin inoculation with vaccine 
virus. “Rha.*sus” also yielded a typical reaction, hut in C. ape I la the lesion fol 
lowing vaccination pursued a milder course. The author found that the serum of 
a vaccinated monkey protected (). apella against subsequent vaccination. The 
serum of the vaccinated calf, even when given in large amounts, only retarded 
vaccination. 

Dc llaan, 1800, reported upon an extensive scries of inoculations of Macaws 
cytwmolurjns with vaccine, retrovaecine, and variola virus. Forty three monkeys 
were used in this research. This author found M. cjtnomnlotjus to he susceptible 
to all a of the viruses used. Only a local lesion followed inoculation with vaccine, 
while a general exant.hem was observed in 25 per cent of the monkeys inoculated 
with variola virus. Noth retrovaecine and vaccine protected this species of 
monkey against subsequent inoculation with variola virus. The acme of the 
vaccine lesion in this monkey was reached on tin; seventh day. as in mail, while 
in the calf the lesion was at its height oil the fifth day. Vaccine, retrovaeeine, 
and “la variole mitig^e” tended to die out if transferred too long on one species. 
A strain of vaccine virus which became attenuated was reactivated l»y transferring 
it to another specie* and then inoculating it hack on the original species. Vacci¬ 
nation of the skin of the monkey protected the animal against subsequent inocu¬ 
lation of the skin with vaccine virus. A strain of vaccine virus gave typical 
lesions for seven passages through the monkey. The scries of animals so inoc¬ 
ulated showed the same immunity to subsequent inoculation with vaccine virus. 
Monkeys successfully inoculated on the skin with vaccine virus were immune to 
subsequent inoculation of the skill with variola virus. A strain of variola virus 
was carried from one monkey to another for seven passages, in each ease yielding 
good primary lesions hut no general exanthcin. After t» or 7 such passages the 
strain was inoculated on tin* calf and produced a vaccine like lesion. The lesion 
rendered the calf immune to subsequent iimeiilation with vaccine virus. 

Heed, ISD7, found peculiar bodies in the blood of vaccinated and variolated 
monkeys, hut the various controls showed similar bodies and lie was not. able to 
produce evidence <‘ither of their specificity or of their parasitic? nature. 

Ilf'clfU'c, Cliambnii, and Menard, 1 inoculated three “Macncus” monkeys with 
variola virus. Primary lesions developed at the site of inoculation which were 
identical with those following inoculation with vaccine virus. The monkeys 
showed a constitutional reaction evidenced by diarrheea. fever, (edema, and albu¬ 
minuria, and died on the fourteenth day. The scrum of such a monkey' was shown 
to have* a at iviruleiit properties when put. in contact with vaccine virus. 

Roger and Weil, 11102. produced lesions by inoculating “Maoaeus” monkeys with 
variolous material. Two animals which were inoculated on the skin with variola 
wins developed typical lesions at the site* of inoculation. These monkey’s were* 
subsequently' shown to have acquired immunity* to a second inoculation of the skin 
with variola virus. One monkey was inoculated on the skin with blood from a 
ease of Iweiiiorrliagie variola. A few' small pustules developed at the site of 
inoculation. Four monkeys inoculated subsequently with blood from a ease of 
hainoiibagie variola showed no specific lesions. One of these animals died of 
septieaunia. The monkeys inoculated mi the skin with variola virus and the one 
inoculated on the skin with variolous blood yielded a positive, though imperfect, 
reaction, when subsequently inoculated on the skin with vaccine virus. Two of 
the monkeys which had been inoculated subcutaneously with variolous blood were 
immune to skin inoculation with vaccine, while in one an abortive lesion resulted. 

Fwing. 11102, inoculated a “lilm-sus” amt a “large African monkey” with variola 
virus. Jloth animals gave a positive reaction to the inoculation. He also inocu¬ 
lated monkeys with bacteria of various sorts which had been isolated from eases 
of variola, always with negative results. 
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Park, 1902, inoculated (> monkey* on the skin with variola virus. All the ani¬ 
mals yielded a typical pock at the site of inoculation. Both fresh and dried virus 
was found active on the monkey. He found monkeys refractory to inoculation with 
virus from cases of varicella and points out the value of such a test in diagnosis 
of obscure eases where a dilVereiitial diagnosis must be made between variola and 
varicella. This author considers ‘\lnvn v monkeys most suitable for the test. 

Blaxall and Kremlin, 1903, show that by feeding monkeys with vaccine virus 
mixed with their fond, specific lesion* may result in the mouth (one ease), or the 
mesenteric lymph nodes (one ease) may become a locus of the virus. Their 
results were controlled by inoculations on the calf. 

Mngnith and BrinekerholV. 1 5)04. found “Maeaeus" and “KImthiir” monkeys to 
be susceptible to iimeulation with variola virus. They call attention to the fact, 
that the disease produced is related to rarivla innvulaia in man rather than to 
niriola rent, and that the specific lesions produced in these monkeys contain 
I'l/torifctcs ntriohr. In a second paper the minute study of the specific lesions 
is presented and it is shown that both tin* cytoplasmic and the nuclear forms of 
the parasite are present. 

Mugrnth and Brinekerlmtr, 1903. in studying the blood of variolated and 
normal monkeys found a variety of bodies which they interpreted as derivatives of 
the blood cells of the animal. 

The ditlicultv of getting monkeys in those places where the bulk of 
scientific work is carried on explains tin* scanty data to be found in the 
literal tin 1 upon the reactions of this animal in variola and vaccinia. As 
the foregoing summary shows, the only worker who had animals enough 
to do adequate controls and to inoculate a sufficient number for the solu¬ 
tion of his problems was Do llaan, who worked in Java, where monkeys 
were abundant.. In spile of the comparatively small number of experi¬ 
ments recorded by other imestimators, it seems worth while to combine 
the data in tin* following summary. 

That the monkey is susceptible to vaccinia or to variola lias been the 
experience of all students of (he subject. In some eases the species of 
monkey used is known, and we find that Martinis r//no///aUujas is sus¬ 
ceptible to variola and to vaccinia (Do llaan), Crrco/iitliecns a man and 
('rbns a/trlla. are susceptible to vaccinia (Reed). “Rluosus" monkeys 
were successfully inoculated with vaccine virus by ('opeman and by Reed, 
and with variola virus by ('opeman, by Kwing, and by Magralh and 
Bri nckcrliofr. 

“Maeaeus" monkeys were found susceptible to variola virus by Beclere, 
('hamhon. and Menard, by Roger and Weil, and by Magralh and Brincker- 
hotr. An ‘‘African" monkey (Kwing), “.lava" monkeys (Bark), and a 
“('orcopitJicciis v (Zulzcr ) have also been shown to react- to inoculation 
with variola virus. It is unfortunate* that the species of monkey used 
by various investigators is not known, as it may he possible, from state¬ 
ments made in the literature, that: different species of monkeys may 
present different degrees of susceptibility both to the eontagium of 
variola and to that of vaccinia. 

The acme of the process at the site of inoculation in vaccination is 
placed by ('opeman at the eighth day of tin* disease. Do llaan finds it 



251 


at its height on tho seventh day. Copeman notes that the vesieulation 
is more marked in vaccination Ilian in variolation. Heed finds that Cebu s 
apella presents vaccine lesions which run a milder course than they do in 
the other monkeys used by him. Several investigators compare the* lesion 
produced in the monkey hy inoculation of tins skin with vaccine virus, 
with that which develops in the calf and speak of them as being identical. 

The constitutional reaction of the monkey to vaccinalion is mentioned 
by Copeniail ami said to he less intense than that following variolation, 
at least so far as is evidenced by the body temperature. 

A general exanthem has never been observed to follow inoculation of 
the skin of the monkey with vaccine. 1 virus. 

The immunity reactions of the monkey after vaeeination have received 
considerable attention. Copeman reports that vaccination of the skin 
of the “Hh<esus v monkey protects against subsequent inundation of the 1 
skin with either vaccine or variola virus. Do Naan found the same pro¬ 
tection to he conferred upon Martinis cj/noniol(njus hv vaeeination. 

The protective power of the scrum of a vaccinated animal has been 
tested by several workers. Copeman reports that the oxalatod plasma of 
a monkey, immune to vaccination and variolation of the 1 skin through 
inoculation, luis a slightly modifying effect upon the course of a vae¬ 
eination in a monkey into whoso peritoneal cavity the plasma has been 
introduced, lie also finds that the monkey is rendered immune to vae¬ 
eination by the subcutaneous inoculation of vaccine virus. Hood finds 
that the serum of a vaccinated monkey protects ('rims a/ir/la against 
subsequent, skin inoculation with vaccine virus. Tho serum of vaccinated 
calves was not so ellioacious in this respect. 

Certain miscellaneous experiments are of interest. I>e Naan finds that 
vaccine virus lends to die out if transferred too often on one species of 
animal. The fact, that he worked in the 'Tropics may have 1 influenced 
his results. Blaxall and Kremlin show that vaccine virus in the food of 
a monkey may produce lesions in the* mouth or may enter the mesenteric 
lymph node’s and he demonstrable there by innculntiem of an emulsion ol 
the node’s upoll the 1 skin e>f tho calf. 

Inoculations of the* monkey with variola virus have* been undertaken 
hy a number of observers. In all eas«*s the monkey has been shown to he 
susceptible te> the eemtagium. 

The contents of the 1 specific skin h*sion e»f variola in man has been used 
for inoculation by Zulxcr, Copeman, l)e Naan, Bede re, Chainbon, and 
Menard, linger and Weil, Ewing, Park, and hy Magrath and Brine kcrholL 
As a rule the virus was used in the fresh state*, hut Zulxcr and Park have 
both employed dried virus as well. The blooel troni a case o! lueiuor- 
rhagic variola was useel by Zulxcr and hy linger and Weil. 

Inoculation of a scratch or scarification on the skin has been useel as 
the mode of introducing the eontagium in a majority of the experiments. 
Simple contact with the unbroken skin as well as exposure to dried and 
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finely divided virus was tried by Znlzcr. The subcutaneous injection of 
blood from a case of hscmorrhagie variola was done by Roger and Weil. 

The data oil the constitutional reaction of the inoculated animal are 
rather scanty. Kcver has been noted by Zul/.er, by Copeman, by Bedere, 
Chambon, and Menard, and by Magrath and BrinekerhofT. Diarrhoea 
was observed by Copeman and by B eel ere, Chambon, and Menard. Three 
investigators report animals dying after inoculation of the skin with 
variola virus, in the ease of Bede re’s animals it seems evident that 
there was intercurrent disease. The animals inoculated with fatal results 
by Roger and Weil and by Magrath and BrinekerholT were shown to have 
died cither from streptoeoecus septicivmia or from tuberculosis. 

In all experiments where the skin was inoculated, a pock which closely 
simulated that produced by vaccination was observed to develop at the 
site of inoculation. 

A general exanthem was observed by Znlzer, Copeman, De Haan, and 
by Magrath and Brineketholf. 'The virus seemed to have lost this power 
of producing ail exanthem when transferred from one monkey to another 
(De Haan). 

The immunity developed by inoculation with variola virus has been 
studied by Copeman and by Roger and Weil. The former found that 
variolation of the monkey protected against subsequent inoculation with 
vaccine or variola virus. The latter found that inoculation of the skin 
with variola virus did not confer complete immunity to later inoculation 
with vaccine, although the animals wen? immune to variolation by skin 
inoculation. 

That the scrum of a variolated monkey had “anti-virnlont’’ properties 
when put in contact with vaccine was shown by Bedere, Chambon, and 
Mena rd. 

It was shown by De Ilaan that a strain of variola virus which had been 
passed from one monkey to another for six or seven generations was 
iiiftciilnbh* on the calf. 

A careful analysis of the evidence in the literature scorns to show that 
the disease produced in monkeys by various inoculations with variola 
virus has always been one which conforms doselv to the typo of rariolu 
inmuhila as seen in the human subject. This was emphasized by Ma¬ 
grath and Brinekerhoff. 

We find no reference to the occurrence* of smallpox on monkeys in the 
wild state among the species inhabiting the Old World. The statement, 
is sometimes made that monkeys in the Western Hemisphere suffer from 
epidemics of the disease in localities where smallpox is epidemic among 
men. This statement seems to be based upon the following data. 

Andrew Anderson, in his hook oil Fevers, gives an excerpt from a 
letter that he received from a friend who was traveling in Central Amer¬ 
ica. This statement has frequently been referred to and it seems worth 
while here to give it in full. 
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In the year 1841 I was in the Province of Veragua, in New Granada, to the 
north of the Isthmus of Panama and left the town of St. Jago on the western 
const for David in Chiriqui, a town in the interior, about 00 or 70 miles to the 
northeast (and leeward) of St. Jago. The smallpox was raging with great 
violence in St. Jago, but there was no appearance of it in David. A few days 
after my arrival there, taking my customary morning's ride in the forest., which 
teems with animal life, 1 was struck by observing one or two siek and apparently 
dying monkeys on the ground under the trees. The next morning 1 was struck 
by the same singular appearance (for it is very unusual to find a wild animal 
sick—they instinctively hide themselves) and liy thinking that 1 perceived 
several on the trees, moping and moving about in a sickly manner, I consequently 
dismounted and carefully exumined two, which were on the ground one dead and 
the other apparently dying; and after careful examination, no doubt, remained in 
my mind that they were suffering and had died from smallpox. They presented 
every evidence of the disease, the pustules were perfectly formed, and in one 
instance (that, of the dying one) the animal was nearly quite blind from the 
etlects. A few days afterwards (I think about four or five days) the first case 
of smallpox appeared amongst the inhabitants of David, and in the course of a 
fortnight one-half of the population was stricken. 

In 1858 Dr. Furlong, taking part in n discussion upon diseases in 
animals, stated that he had received a letter from the wife of a prominent 
physician of the Island of Trinidad who mentioned that during epidemics 
of smallpox in that island the wild monkeys suffered from the disease. 

Charles Kingsley makes the same statement, with regard to an epidemic 
of smallpox which visited the same island in 1731k We have not been 
able to find where this author got the information. 

In view of the statements cited above one can not deny that the monkey 
may contract smallpox from man. If. is probable that different, species 
of monkeys show different degrees of susceptibility to the contagium. 
The New World monkeys differ in many respects from their relatives in 
the Old World and it is quite possible that they are more susceptible to 
smallpox. The monkeys which are generally used in experimental work 
in smallpox come from the Kastern Hemisphere. We believe that notable 
increase in our knowledge of smallpox waits on the finding ol: an experi¬ 
mental animal in which variola rent can be produced. The susceptibility 
of the New World monkeys in this respect should be tested. 
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STUDIES UPON EXPERIMENTAL VACCINIA IN THE PHILIPPINE 
MONKEY (MACACUS CYNOMOLOGUS). 


1. VACCINIA FOLU>\Vf\C INOCULATION OF THE SKIN OF THE MONKEY. 

Technique .— Different strains of vaccine virus were employed. For 
convenience the different viruses will he indicated by Arabic numerals 
The source of each strain of virus is as follows. 

Virus 1.—Supplied hv the Serum Laboratory of the Bureau of Government 
Laboratories, 4 Manila. A description of tin* method of its preparation will In? 
found in the Third Annual Report of the Superintendent of Government La¬ 
boratories. 

Virus 148.—From the New York Board of Health. The pulp was mixed with 
00 per eent glycerin. 

Virus 240.—From the Japanese Imperial Board of Health. The pulp was mixed 
with 00 per cent glycerin which contained 1 per cent carbolic arid. 

Virus ‘2.‘U>.—From the Vaccine Laboratory of Park, Davis & Co. The pulp was 
mixed with 00 per cent glycerin. 

Virus 251.—From the Laboratory of ('hatuhon of Baris. The pulp was mixed 
with 00 per rent glycerin containing 1.5 per cent carbolic acid. 

We are indebted to l)r. .1. J. Kinyoun, of Glenolden, Pennsylvania, 
for the last \ of these viruses. lie sent us a quantity of each of these 
strains and so arranged matters that, through the eourtosv of the steam¬ 
ship company and of the United States Marine-Hospital Service, the 
virus was kept on ice from the time it left his hands until it reached us 
in Manila. 5 

The skin of the abdomen was chosen as the site of inoculation. The 
hair was first shaved from a large area and the skin then scrubbed with 
soap and water, followed by alcohol. We have found the most satisfactory 
results to follow the inoculation of a shallow incision. As a rule a num¬ 
ber of such scratches were inoculated in each animal. When inoculation 
is clone in this wav, the study of the* development of the lesion can bo 
made to greater advantage than when scarification is practiced; for the 
lesion produced by the inoculation instrument is so slight that it heals 

4 Now Bureau of Science*. 

• We take this opportunity of expressing our gratitude to Dr. Kinyoun for hi* 
kindness in sending us these strains of virus and to those who assisted in forward¬ 
ing them. 
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before the specific process, due to the introduction of the virus, has become 
visible to the naked eve. Tin* vaccine lesion therefore develops in a 
skin practically normal and its evolution can better be studied than when 
the phenomena of repair of a scarification complicates the picture. A 
general anesthetic was employed whenever the operation might cause dis¬ 
comfort to the animal. 

Daily observations were recorded upon the constitutional reaction of 
the animal, the temperature reaction per rectum, the reaction of the 
lymph nodes, and the macroscopic appearances of the specific! lesion. 

The material for histological study of the process in the skin was col¬ 
lected by excision of lesions. In many instances the animals were killed 
at various times after the inoculation. In these cases a complete autopsy 
was performed and the material saved both from the specific lesions and 
from the viscera. All tissues were put in Zenker’s Fluid for 21 hours, 
then washed in running water for 24 hours, and hardened by passage 
through graded alcohols. Material for histological study was embedded 
by the chloroform-paraffin method. Sections were stained in various 
ways. 

EXPERIMENTS IN DETAIL. 

The experiments on which this article is based comprise the inocula¬ 
tion with vaccine virus of 28 monkeys on the skin of the abdomen. The 
following experiments are selected to be given in detail. 

I. Clinical course of the disease. 

No. 91. Adult male M. cynomoloijus . Inoculated in 12 places on the abdomen 
with vaccine virus No. 251. Body temperature 38°.5 (\ 

Twenty-four hours after inoculation 2 scratches show slight elevation, others 
show no reaction. Body temperature 38°.2 C. 

Forty-eight hours. There is slight elevation and some opacity along the line of 
inoculation. The axillary lymph nodes are of normal size. Body temperature 
39° C. 

Three days. There is a distinct elevation with opacity and redness about the 
narrow crust which marks the line of inoculation. The axillary lymph nodes are 
slightly enlarged. The body temperature is 39° C. 

Four days. A distinct pink elevation is present, extending from 2 to 3 milli¬ 
meters on either side of the central crust. One lesion appears to be vesicular. 
Axillary lymph nodes distinctly enlarged. Body temperature 39°.5 0. 

Five days. The lesions present as rounded elevations from 4 to 5 millimeters 
across. The eentral crust is surrounded by a narrow translucent vesicle which in 
turn is bordered by a pink areola. Axillary lymph nodes markedly enlarged. 
Body temperature 40°.2 0. 

Six days. The lesions show the same features; hut the extent is greater and the 
whole lesion more shurply circumscribed. Axillary lymph nodes enlarged. Body 
temperature 39°.5 C. 

Seven days. The lesions present a central yellowish crust which is bordered by 
a vesicle, translucent peripherally but opaque about the erust. The lesions arc 
surrounded by a distinct red areola. Axillary lymph nodes enlarged and hard. 
Body temperature 39°.5 C. 



Eight days. The lesions show u slight increase in the extent of the central 
crust. The vesicular zone has become entirely opaque in places. The axillary 
lymp nodes are much enlarged. On the right side they form a mass 2 centimeters 
in diameter. Body temperature 40° (\ 

Nine days. 1 lie lesions present as flat-topped elevations consisting of a periph¬ 
eral vesicular ring which has become completely opaque, surroundiug a macer¬ 
ated area where the crust, has been picked olT. 'The whole lesion is surrounded 
by a pink Hush. Axillary lymph nodes enlarged but not so hard as before. Body 
temperature 39°.4 0. 

r Jen days. I he lesions show an elevated pink, somewhat ragged epithelial edge 
which surrounds an area which is in part, crusted and in part ulcer like. Axillary 
lymph nodes somewhat enlarged. Body temperature 39° <_'. 

From this time on the lesions simply showed the phenomena of repair and 
healed after n few days. 

Twenty-three days after the first vaccination the animal was again inoculated 
on the skin of the abdomen with vaccine virus No. 148. No reaction followed this 
inoculation. 

No. 90. Adult male Macacux cynomoloijus. Inoculated in 12 places on the skin 
of the abdomen with vaccine virus No. 23t». Iiocly temperature C. 

Twenty-four hours after inoculation the scratches show considerable elevation 
with some reddening of the surrounding skin but with no opacity. Body tem¬ 
perature 39°.2 O. 

Forty-eight hours. There is slight elevation and some opacity along the line of 
inoculation. Axillary lymph nodes slightly enlarged. Body temperature 38°.5 (\ 

Three days. There is an irregular elevation with opacity beside tin* narrow 
crust which marks the line of inoculation. Axillary lymph nodes are distinctly 
enlarged. Body temperature 39" (•. 

Four days. The elevation which borders the crust has increased somewhat, 
extending from 2 to 3 millimeters on each side. Axillary lymph nodes much 
enlarged. Body temperature 39° (’. 

Five days. Around the crust is a narrow vesicular ring which is bordered 
peripherally by elevated and reddened epithelium. The lesion is now from (1 to 
8 millimeters wide. Axillary lymph nodes large and hard. Body temperature 
39°.8 C. 

Six days. The lesion presents as a sharply circumscribed elevation consisting 
of a depressed central yellow crust bordered by an elevated ring from 2 to 3 milli¬ 
meters broad which is opaque and vesicular near the crust and which is pink 
externally. Axillary lymph nodes enlarged, some measuring 1 centimeter in dia¬ 
meter. Body temperature 39°.2 C. 

Seven days. The lesion is the same as yesterday save that the crust has ex¬ 
tended and encroached upon the vesicular ring. Axillary lymph nodes enlarged 
and hard. Body temperature 38°.8 C. 

Eight days. The animal has picked oil' the crusts and the lesion presents a 
central excoriated area surrounded by the more or less ruptured vesicular ring. 
There is a distinct reddening of the skin about, the lesion. Axillary lymph nodes 
enlarged and hard. Body temperature 39° C. 

Nine days. The crust has formed again in the center of the lesion and about 
this is to be made out the remnants of the vesicular ring. 'The areola persists. 
Axillary lymph nodes enlarged and hard. Body temperature 39° (\ 

Ten days. From this time on the lesions have lost their specific character and 
simply present the phenomena of healing. The axillary lymph nodes show a 
diminishing tumor and consistency but are harder than normal for a considerable 
time after the healing of the skin lesion. 
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Twenty-three days after tlie original vaccination the animal was again inoc¬ 
ulated on the skin of the abdomen with vaccine virus No. 148. No reaction 
followed this second inoculation. 

No. 88. Adult male Martinis cynomoloi/ux. Inoculated in 12 places on the skin 
of the abdomen with vaccine virus No. 1. Lot No. 385. I Jody temperature 38°.4 C. 

Twenty-four hours after inoculation the scratches show slight elevation and 
opacity. Axillary lymph nodes normal. Body temperature 30° (\ 

Forty-eight hours. About the inoculation the skin is slightly elevated and 
opaque. Axillary lymph nodes normal. Body temperature 38° (\ 

Three days. There is some reddening and marked elevation and opacity of the 
skin which borders the narrow crust which marks the line of inoculation. Axillary 
lymph nodes distinctly enlarged. Body temperature 38° (\ 

Four days. The central crust has increased in extent and is surrounded by a 
pink elevation from 2 to 3 millimeters broad. Axillary lympli nodes enlarged. 
Body temperature 38°.4 l\ 

Five days. The skin immediately about the central crust is slightly translu¬ 
cent, suggesting beginning vesicle formation. Axillary lymph nodes enlarged and 
hard. Body temjierature 38°.5 O. 

Six days. The lesion presents a depressed yellow-brown crust which is sur¬ 
rounded by an elevated ring which is sharply eircumserilied and is translucent 
near the crust. Axillary lymph nodes enlarged and hard. Body temperature 
39° O. 

Seven days. The vesicular ring about tin* central crust is now more or less 
opaque. There is distinct areola. Axillary lymph nodes enlarged and hard. 
Body temperature 39°.8 (\ 

Eight days. Lesions present same features as yesterday save that there is 
some induration of the subcutaneous tissue beneath the lesions. Axillary lymph 
nodes very much enlarged. Body temperature 40°.2 C. 

Nine days. The central crust has l>egun to encroach upon the vesicular ring and 
the areola is less marked. Some degree of subcutaneous (edema persists. Axillary 
lymph nodes enlarged and hard. Body temperature 40° O. 

Ten days, 'flic lesions are still active but only remnants of the vesicle can be 
made out about the spreading crust. From this time, on the lesions lose their 
specific characters. The enlargement and induration of the axillary lymph nodes 
suffer a continuous diminution, although the consistency is greater than normally 
for some days after the healing of the specific lesion is complete. 

Twenty-three days after the first, inoculation the animal was inoculated again 
on the skin of the abdomen with vaccine virus No. 148, but. no reaction followed. 

No. 101. Adult male Macavus ryuomolnffus. Inoculated in 12 places on the 
skin of the abdomen with vaccine virus No. 240. Body temperature 39°.2 (-. 

Twenty-four hours after inoculation the scratches show a slight opacity hut no 
elevation. Axillary lymph nodes normal. Body temperature 30°.8 C. 

Forty-eight hours. There is now some elevation as well as opacity along the 
line of inoculation. Axillary lymph nodes normal. Body temperature 37°.8 C. 

Three days. The elevation and opacity is more marked and now extends for a 
distance of 2 or more millimeters on each side of the scratch. Axillary lymph 
nodes slightly enlarged. Body temperature 39° C. 

Four days. The lesions present as irregular pink elevutions which are sur¬ 
mounted by a narrow lineur crust which occupies the site of the inoculation 
scratch. Axillary lymph nodes slightly enlarged. Body temperature 39° C. 

Five clays. Lesions show a depressed eelitral crust bordered by an elevated 
zone which is translucent, near the crust. The whole lesion measures 8 milli¬ 
meters across. Axillary lymph nodes enlarged. Body temperature? 39° O. 



Six days. The central crust has enlarged and the surrounding ch>vatcd ring is 
opaque and vesicular for 2 millimeters about the crust. The areola is -bright and 
the whole lesion rfharply circumscribed. Axillary lymph nodes enlarged. Body 
temperature 39° C. 

Seven days. The lesion is the same as yesterday save for an increase in the 
area of the crust and a filling out of the vesicular ring. Axillary lymph nodes 
slightly enlarged. Body temperature 40° C. 

Eight days. Lesion shows the same features hut the whole lesion has ceased to 
spread. The depression of the central crust is marked. Axillary lymph nodes 
enlarged and hard. Body temperature 38°.8 (\ 

Nine days. The crust has been picked off and the lesion presents an excoriated 
area about which the remnants of the vesicle, can be made* out. Axillary lymph 
nodes less enlarged but hard. Body temperature 39°.4 ('. 

Ten days. The lesions are now healing and have lost their specific characters. 
Axillary lymph nodes but slightly enlarged. Body temperature 39°.fi <\ 

The further course of the lesions showed only the healing process. The axillary 
lymph nodes were of normal size and of only slightly increased consistency. In 
this case the lymph nodes did not show as much reaction as is usual after skin 
inoculation with vaccine. 

Twenty three days after the original inoculation the monkey was vaccinated a 
second time on the skin of the abdomen with vaccine virus Xo. 148. Xo reaction 
followed the second inoculation. 

No, 105. Adult male Mncarus cifnoniotoffus. Inoculated in 12 places on the 
skin of the abdomen with vaccine virus No. 148. Body temperature 40° (\ 

Twenty four hours after inoculation the scratches show no miction. A narrow 
crust marks the line of each inoculation. Axillary lymph nodes normal. Body 
tcmj>cniturc 30 u .5 (\ 

Forty-eight hours. There is a slight elevation which is opaque and a faint pink 
color about the crust. Axillary lymph nodes normal. Body temperature 38°.8 C. 

Three days. About the scratch the epithelium is elevated, opaque, and pink for 
a distance of 2 or more millimeters. On pressure a small amount of clear serum 
oozes from under the crust. Axillary lymph nodes slightly enlarged. Body tem¬ 
perature 38° C. 

Four days. The lesion presents as a sharply circumscribed, pink elevation 
3 millimeters in width which surrounds a slightly depressed crust. Axillary 
lymph nodes enlarged. Body temperature 39°.8 C. 

Five days. The central crust has enlarged and there is a translucent vesicular 
ring. Axillary lymph nodes enlarged and hard. Body temperature 39\8 C. 

Six days. The depressed yellow central crust is now bordered by an elevated 
ring in which can be distinguished an opaque, yellowish zone which merges with 
a translucent, band of a gruy color. The areola is distinct and bright red. Axil¬ 
lary lymph nodes enlarged. Body temperature 39°.G C. 

Seven days. The lesion has attained a total width of 1 centimeter. Some 
subcutaneous oedema is apparent. Axillary lymph nodes enlarged and hard. 
Body temperature 39°.8 C\ 

Eight days. Lesions show same features as yesterday. Axillary lymph nodes 
slightly enlarged. Body temperature 40°.I (\ 

Nine days. The crusts have been picked from the lesions and have left an 
excoriated area surrounded by a ragged, opaque, epithelial edge about, which the 
skin is reddened. Axillary lymph nodes enlarged. Body temperature 39° C. 

Ten days. From this time on the lesions show simple repair. The axillary 
lvnipli nodes were more or less enlarged and hard for some time. 

39714-1 
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The monkey wuh inoculated on the skin of the abdomen with vaccine virus 
No. 148 on the twenty-third day after the first inoculation. This second vaccina¬ 
tion was followed by no reaction. 

SUM M AllY. 

(1) Objective description of the specific skin lesion based upon the 
appearances in twenty-eight monkeys. —After 18 hours the lesion appears 
as a simple scratch with more or less opacity and elevation, not extending 
over 2 millimeters from the line of inoculation. 

After 72 hours the elevation may become less in extent and take on a 
pink color, or it may remain as before. 

After 96 hours the elevation becomes more marked and more sharply 
circumscribed, and may begin to show transllicence about the crust which 
forms along the line of inoculation. 

After 5 days the zone of translueenee about the crust is more evident 
and contains fluid, which forms a vesicular ring about the crust. The 
contents of this vesicle is a clear fluid. The vesicular ring is bordered 
externally by a zone of red, which fades peripherally. The whole lesion ~ 
i. e., crust, vesicle, and areola—forms a rounded elevation, which flows 
into the general skin surface without a sharp line of demarcation. 

After 6 days the various parts of the lesion remain the same as on the 
fifth day, but there is an increase in the total width. The vesicle ring 
spreads peripherally, and coincident with this the crust encroaches upon 
the inner side of the vesicle ring. The inner part of the vesicle ring may 
present an opaque appearance at this stage. The crust may he more or 
less depressed in such a maimer that the vesicular ring forms a rampart 
about it. 

After 7 days the conditions remain the same, there being more or less 
spreading of the whole lesion, accompanied by an increase in the extent 
of the central crust. At this stage, the outer edge of Ihe vesicular ring 
may present an abrupt declivity, so that the whole lesion forms a flat- 
topped plateau. The skin proper is thickened and hard, and a subcu¬ 
taneous oedema is apparent beneath the lesion. 

After 8 days the lateral extension of the lesion has ceased and the 
central crust has encroached upon the vesicular ring. The subcutaneous 
oedema noted after 7 days is now more noticeable, often presenting itself 
as a broad indurated base. 

From this time on the healing of the lesion proceeds rapidly. The 
central crust finally occupies all the space previously held by the vesicular 
ring, being bordered by the pink epithelium which is growing inward 
from the normal skin. This newly formed epithelium slowly spreads 
beneath the crust, and finally the latter falls off, leaving a pink and shin¬ 
ing scar. 

The lateral excursions of the process outward from the line of inocula¬ 
tion amount to from 6 to 8 millimeters, measuring from the center of the 
crust to the outer edge of the vesicular ring. After 5 days, when the 
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lesion is first mac roscoj dually analyzable into zones which correspond 
with the microscopic findings, the growth of the lesion is seen to be due 
to a lateral extension of 6 elements. Those may be described, from with¬ 
out inward, as— 

(1) A zone of hyperannia. 

(2) A vesicular ring, composed of— 

(*0 A zone of translucence. 

(b) A zone of opacity. 

(3) A crust. 

Up to the end of the eighth day of the development of the lesion these 
move out from the line of inoculation in the order named, each encroach¬ 
ing upon its outer neighbor toward the end of 1 his period, a little more 
rapidly than the latter spreads. On the eighth day of the development 
of the lesion this spreading stops, and the zone of hypenemiu slowly 
fades, the opaque zone spreads over the remnant of the translucent zone, 
and it in turn is taken up by the spreading of the crust. 

The profile of the lesion presents rather distinct phases, as follows: 
After f) days it is more or less hemispherical, or at least an arc of a circle. 
After about 7 days it is flat-topped, presenting a steep declivity on either 
side, with perhaps a rampart effect from the depression of the crust, and 
after 8 days the whole lesion may he raised upon a broad swelling, which 
elevates with it some of the normal epithelium about it.. 

(2) Histology of the vaccine lesion of the skin .—The histogenesis of 
the vaccine lesion in the skin of the monkey is similar to that of the vac¬ 
cine lesion in the skin of other mammals. We find the same changes in 
the epithelial cells leading to vesicle formation, followed by reparative 
processes resulting in complete healing of the lesion. The histology of 
the vaccine lesion has been described so often that it seems unnecessary 
to repeat it here. We find the development of the lesion to be the same 
after inoculation with different strains of virus. 

In the study of our large series of vaccinations of the monkey we have 
been struck by the extent of the process in the corium and in the subcu¬ 
taneous tissue beneath the lesion. We can recognize a general inflam¬ 
matory and reparative process, and besides a series of phenomena which 
we regard as due to the activities of the specific organism. The former 
group of phenomena arc shown by cellular and fluid exudative processes 
and by proliferation of connective tissue cells with the new formation of 
blood vessels, and are such as would accompany any infected wound of 
the skin. Besides these wc find early in the process a marked swelling 
and proliferation of the endothelial cells of the capillaries adjacent to the 
specific process in the epidermis. The endothelial cells of the capillaries 
and lymphatics in these situations are frequently invaded by the proto¬ 
plasmic phases of cylnryclcs ranolw. This reaction in the corium is in 
evidence from the third day of the disease onward. We interpret this 
condition as due both to the action of the toxines set free from the specific 
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lesion in the epidermis and to an invasion of the blood vessels by the 
organism. 

The process in the curium and in the subcutaneous tissue beneath the 
lesion does not present such definite areas of necrosis as will be described 
in the variolous lesions. This may be due to the fact that the vaccine 
lymph was glycerinatod, and so was free from pyogenic organisms, while 
the variola virus was untreated and contained streptococci and other 
pathogenic bacteria. It is to be noted that beneath the vaccine lesions 
capillaries invaded by cytoryctes were only found near to the infected 
epidermis while, as will be shown, in variolation the specific process ex¬ 
tends deeply into the subcutaneous tissue. 

(3) Constitutional reaction .—The general condition of the animal 
does not seem much disturbed. There may be some anorexia about the 
sixth day, but it can not be said to be constant or marked. 

(4) The temperature reaction is not very definite, although there is 
to be derived from it evidence of a’constitutional reaction. The most 
common reaction is a slight rise on the sixth and ninth days of the 
disease. This fever rarely exceeds 40° 0. The temperature reaction is 
not nearly so typical as in variola inocvlata . 

(5) The lymph nodes. --With the development of a vaccine lesion on 
the belly of a monkey there is a reaction of the axillary lymph nodes. 
This is shown by an enlargement, first noticeable on the fourth day (after 
3 day’s development of the lesion), which becomes more apparent on the 
succeeding days. On the sixth or seventh day the nodes may be 1 centi¬ 
meter iti diameter and tender. With the regression of the lesion the 
nodes decrease in size but remain more firm than they are normally. 

The histology of the axillary lymph nodes of monkeys vaccinated on 
the abdomen presents the same picture as that seen in the variolated 
monkeys. Oedema of the sinuses and the presence of phagocytic endo¬ 
thelial cells, red blood corpuscles, and leucocytes, together with a small 
amount of fibrin, characterize the process in the nodes taken from animals 
during the active evolution of the vaccine lesion. 

(6) A general exanthem has never occurred in our vaccine monkeys 
(total 28). In some cases secondary lesions occur about the primary 
lesion (daughter pocks). These run the same course as the primary 
lesions. Auto-inoculations are not uncommon, hut in all instances which 
we have observed their occurrence was so obviously due to infection from 
the initial lesion by acts of the animal that the question of their being 
of the nature of an exanthem could not be raised. 

(7) No lesions were found in the internal organs. The bone marrow 
and testes were found free from the focal lesions which occur in these 
organs in variola vera in man. Cytoryctes variola was constantly found 
associated with the specific process in the skin at the site of inoculation. 
The question of the occurrence of the organism will be considered more 
in detail in a separate section of this report. 
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In considering the results of the preceding experiments certain points of 
considerable theoretical interest present themselves for discussion. Per¬ 
haps the most prominent feature of the disease vaccinia is the specific 
immunity which it produces. At it is hardly possible to consider this 
immunity without at the same time dealing with variola, we have decided 
to discuss this phase of the disease in a separate section. There remains 
for consideration here the clinical feature of I he disease vaccinia as it 
occurs in Macacos cynomologus. In our experiments we have found 
that this species of monkey reacts to an inoculation with vaccine virus on 
the skin by a definite sequence of phenomena which are reproduced in 
each experiment with only very slight modifications. It is true that cer¬ 
tain animals do not react in exactly the same degree as do others, but 
these “abortive” reactions seem to us to depend upon conditions of natural 
immunity and to differences in the virus used for inoculation, and so do 
not affect tlic truth of the general statement that this species is markedly 
susceptible to the disease. 

Comparing vaccinia in M. cynomologus with vaccinia in man and in 
the calf we see that we have a strict parallel. We find a lesion developing 
at the site of inoculation which runs a definite course and heals after a 
fairly constant interval. This local lesion is associated with enlargement 
of the lymph nodes. Only those nodes are affected which are interposed 
between the areas of the skin on which the lesion develops and the main 
lymph trunks. During the active evolution of the local lesion there is a 
general reaction of the inoculated animal as shown bv a rise in the body 
temperature. The primary lesion is shown to exist at the site of inocula¬ 
tion from a very early period after the inoculation as a distinct process 
so that the latent period, before the lesion can be diagnosed by its ap¬ 
pearance to the naked eye, is shown to be rather apparent than real. 

Two things serve to differentiate the vaccine process from that follow¬ 
ing inoculation of variola virus on this species of monkey: First, in 
vaccinia we have never observed an exanthem; second, the temperature 
reaction is not so definite in its onset as in variola inoculala . 




VACCINIA AND VARIOLA INOCULATA IN THE MONKEY. (COMPOSITE CURVES.) 
Vaccinia_ Variola inoculata._. 
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The histological peculiarities of the specific lesion of vaccinia in these 
monkeys are similar in every way to those found in lesions following vac¬ 
cination of other susceptible animals. 

We have seen then that the disease vaccinia in M. cynomologus con¬ 
forms strictly to the type of the disease vaccinia and in a more general 
way can be included in that group of processes which embraces all forms 
of variola and vaccinia. 

The data furnished by our experiments upon the immunity reactions 
and upon the differences due to different strains of virus will be presented 
in another section of this article. 

CONCLUSIONS. 

(1) Inoculation of the skin of M. cynomologus with vaccine virus is 
followed by the development of a lesion at the site of inoculation which 
is similar in all respects to that which follows similar inoculations of 
other animals. 

(2) The development of the lesion is associated with a rise in the body 
temperature which is most marked during its active evolution. 

(3) The lymph nodes which are interposed between the area of skin on 
which the lesion develops and the main lymph trunks, show enlargement 
coincidently with the temperature reaction. The nodes show histological 
changes which account for this enlargement. 

(4) Cytoryctes variola * is found in the epithelial cells of the vaccine 
lesion and also in the endothelial cells of capillaries beneath the epithe¬ 
lium of the lesion. 

(5) Macacus cynomologus is susceptible to vaccinia. 

2. VACCINIA L KKKAT1T1S IN TIIR MONKEY. 

Nine monkeys were inoculated and the animals were killed after vari¬ 
ous periods to obtain material for the histological study of the lesion at 
different stages of its development. 

Technique.- The animal was deeply anesthetized and the cornea 
lightly incised with a sharp scalpel. Care was taken not to cut deeply 
into the corneal substance. A small amount of vaccine was rubbed into 
the incision. A daily record of the appearances at the site of inoculation 
and of the general condition of the animal was kept. When the animals 
were killed a complete autopsy was done, and tissue for histological study 
was saved from the site of the specific lesion and from the viscera. The 
animals were under the influence of morphine during the development of 
the lesion. 

EXPERIMENTS IN DETAIL. 

No. 13. Monkey inoculated on both corneas with vaccine virus No. 1. After 
17 hours the cornea shows no macroscopic evidence of a specific process. Animal 
chloroformed and tissues preserved for histological study. 
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llistoloyiml examinaturn. - Sections of the cornea allow very slight injury to 
cornen 1 substance, and the defect completely covered over by epithelium. No 
evidence of any process other than repair. 

No. 10. Monkey inoculated on both corneas with vaccine virus No. 1. Twenty- 
four hours after the inoculation there is a roughness barely perceptible along the 
line of incision. Animal chloroformed. When the eyes were dropped into Zenker’s 
Huid, minute opaque spots uppear at once ulong the line of inoculation. 

Histological examination. -The epithelium has grown over and completely filled 
the defects in the corneal substance representing the inoculation incisions. Num¬ 
bers of leucocytes are present in the tissue alnnit tin* incisions. The epithelium 
contains many cytoplasmic phases of cytoryctes varioUr . which are rather small 
and occupy cells which are apparently normal. 

No. 11. Monkey inoculated on both corneas with vaccine virus No. 1. Twenty- 
four hours after inoculation there is slight roughness along the line of incision. 
After 48 hours there is some elevation as well as roughness and a central loss 
of substance is also apparent. Animal chloroformed and tissues preserved for 
histological study. 

Histological examination. —Section presents two clean cut and moderately deep 
incisions, one of which is filled with epithelium. The second incision is not 
filled in and the surface about it is denuded of epithelium for a short distance. 
Comparatively few polymorphonuclear leucocytes are present about the lesions. 
The corneal tissue beneath the incisions is mdematous. On one side of the inci¬ 
sion, the corneal epithelium is two and a half times thicker than normally. 
Elsewhere the epithelium is thinner than normal, both near the incisions and 
for a considerable distance from them. Jn places, the epithelium is lifted up by 
an exudate. Cytoryctes are present in the cells of the lesion. 

No. 7. Monkey inoculated on the right cornea with vaccine virus No. 1. The 
left cornea inoculated with fresh virus obtained from a vaccine lesion of the skin 
of Monkey No. I; duration 4 days. 

Twenty-four hours after inoculation the right cornea shows no macroscopic 
lesion, while the left cornea is slightly opaque and rough along the incision. 

Seventy hours. The right cornea shows slight elevation at the site of in¬ 
oculation. The left cornea is slightly rough along the line of incision. Animal 
chloroformed. When the eyes were -placed in Zeiiker’s fluid a loss of substance 
was apparent along the lines of inoculation. 

Histological examination. —The corneal surface is denuded of epithelium over 
an area 0.5 millimeter across, surrounding the site of the inoculation incision. 
There is at no point any proliferation or thickening of the epithelial layer. 
It is thin and tapering at the border of the denuded area, and here cytoryctes 
are present in both the degenerated and the. well preserved epithelial cells. Very 
few leucocytes are found and when present are usually situated upon the denuded 
surface of the cornea. 

No. 12. Monkey inoculated on both corneas with vaccine virus No. 1. 

Forty-eight hours after inoculation there is no appreciable elevation or roughen¬ 
ing, but there is distortion of an image reilected on the cornea. 

Three days. The left cornea is distinctly rough at the site of the inoculation. 
'Hie right cornea is very slightly roughened. There is no opacity of the cornea. 
A small amount of muco purulent material is present in both conjunctival sacs. 

Four days. Condition of corneas the same. Animat killed and tissues pre¬ 
served for histological study. 
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Histological examination .—Both corneas present, areas about 1 to 1.5 millimeters 
across, from which tin? epithelium is lost. In the center of this area the corneal 
connective tissue presents a minute defect representing the trauma of inoculation. 

I he epithelium tapers to a thin edge about the denuded area and here are found 
cytoryctes in small numbers. Leucocytes are practically absent from the lesion. 

No. 20. Monkey inoculated on both corneas with vaccine virus No. 1. 

Twenty-four hours after inoculation both corneas are smooth. 

Forty-three hours. Slight distortion of reflected image. No conjunctival dis¬ 
charge and no photophobia. 

Three days. A slight depression marks the line, of inoculation, about which 
there is some roughening of tin* corneal epithelium. 

Four days. Marked roughening of cornea aland- inoculation sites with central 
loss of substance. Photophobia and some muco purulent discharge noted. 

Six days. Condition same, save that the loss of substance is more marked. 
Animal chloroformed and tissues preserved for histological study. 

Histological examination .—Sections stained with cosin and methylene blue. 
Vertical sections taken just outside the edge of the area of the cornea denuded 
of cpithfdium show a widespread thickening of the epithelial layer and large 
numbers of cytoryctes at a point nearest the inoculation site. 

No. 17. Monkey inoculated on both corneas with vaccine virus N'o. 1. 

Twenty-three hours after inoculation both corneas are smooth, but the line of 
inoculation can be made out by the distortion of a reflected image. 

Fifty-three hours, Both corneas show slight loss of substance, together with 
some roughening. A slight degree of photophobia is present. 

Three days. The corneas are lui/.y and the* loss of substance at the site of 
inoculation has increased. There is some photophobia and some muco-purulent 
discharge. 

Four days. Marked roughness of the corneal surface is apparent about the 
inoculation sites. Photophobia and discharge continue. 

Five days. Kacli cornea shows a shallow erosion, about- which the cornea is 
rough and hazy. Photophobia and discharge still present. 

Six days. Condition same as yesterday save that the conjunctiva* are (ede¬ 
matous. 

Seven days. Macroscopic appearances as before. Animal chloroformed and 
tissue saved for histological study. 

Histological examination. ---The condition found is similar to that described in 
the other corneas of this series. There is an area about the point of inoculation 
over which the epithelium is wholly deficient. The surface is smooth and the 
corresponding portion of the cornea is slightly thinner than normal. 

The epithelium tapers at the border of the deficiency and at this point contains 
small numbers of cytoryctes. In one cornea then* is a deep incision partially 
filled with epithelium. The tissue about this contains a small number of 
leucocytes. 

No. 10. Monkey inoculated on both corneas with vaccine virus No. 1. 

Twenty-four hours after inoculation the cornea appears smooth. 

Forty-eight hours. Corneas show slight distortion of the reflected image. 

Three days. Both corneas slightly roughened along the line of inoculation. 

Four days. Koughness is more marked and is present over ft circumscribed 
area about the incisions. The cornea appears hazy and a small amount of muco¬ 
purulent material is present in the conjunctival sue. Slight degree of photo¬ 
phobia is observed. 

Five days. Condition same as yesterday, save that no photophobia is noted. 
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Six days. A loss of substance is evident at the center of the roughened area. 
The conjunctival discharge and the photophobia persist. 

Sewn <lays. The superficial Joss of corneal substance has increased, otherwise 
the condition remains the same. 

Kight days. Animal chloroformed. There is considerable erdema of the lids 
with a watery discharge. The eroded area has increased in extent. Tissues 
preserved for histological study. 

//istoloyical examination .—The epithelium covering the central portion of the 
corneal surface is very thin and consists of only two layers of cells. There is 
deficiency of epithelium over an area not over 0.5 millimeters across. Cytoryctes 
are present in considerable numbers in a single area of the epithelium. 

SUMMARY. 

The inoculation of the monkey’s cornea with vaccine virus, provided a 
secondary pyogenic infection does not supervene, results in the produc¬ 
tion of a lesion which has rather indefinite macroscopic characters. 
Twenty-four hours after the inoculation a slight roughening, associated 
with more or less elevation of the corneal epithelium, may be apparent. 
After 48 hours a loss of epithelium about the point of inoculation is 
frequently present. The further development of the lesion is associated 
with an increase in this erosion and with the development of some degree 
of photophobia and a conjunctival discharge. 

The histological characters of the lesion are as follows: 

In the corneas taken 17 and 24 hours after vaccination the defect pro¬ 
duced by the inoculation trauma is filled in by the growth of the epithe¬ 
lium. This constitutes the ordinary form of repair following simple 
incision of the cornea. Cytoplasmic forms of Cytoryctes are present in 
the epithelium. Subsequent to this, up to 8 days and probably for an 
indefinite period, there is a loss of epithelium over an area surrounding 
the site of the inoculation. The epithelium is thin and tapers at the 
edge of the abraded area, and here the cells appear to be undergoing de¬ 
generation. Cytoryctes are present in all lesions, leucocytes apparently 
play no part in the process but are present in those lesions in which there 
is injury to corneal connective tissue. 

'fhe destruction of epithelium evidently outstrips the growth of the 
epithelium in the corneal vaccine lesions of the monkey. 

discussion. 

When we compare the lesion produced on the cornea of the monkey by 
inoculation with vaccine virus with that which follows a similar inocula¬ 
tion on the rabbit, we sec that, although the fundamental characters of 
the lesion are the same, there are important differences. 

One of the striking features of the vaccine process on the monkey’s 
cornea is the loss of epithelium about the line of inoculation. This loss 
is apparent in the early as well as in the more advanced stages of the 
process and probably persists until the active stages are passed. It is 
evident that the vaccine virus in these experiments produced a more ex¬ 
tensive destruction of corneal epithelium than has been observed in the 
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corneal inoculations of the rabbit, in which the growth of the epithelium 
over compensates any destructive action. The removal of the degenerated 
epithelium was probably assisted by the dextrous rubbing of the eyes 
which was frequently observed with the monkeys inoculated upon the 
cornea. 

The course of development of the vaccinal lesion on the monkey’s 
cornea makes it a less favorable place than we bad hoped for the study 
of the etiological factor of the disease* Owing to the loss of epithelium 
which takes away the hulk of the infected cells the sections are not rich 
in parasites. In spite of this, the sections from the corneal lesions yielded 
important data which will he considered in a later article dealing spe¬ 
cifically with ryloryctes variola ?. 

CONCI.CSIO.NS. 

(1) Vaccination of the cornea of the monkey produces a lesion which 
is specific and which is comparable with that following the same inocula¬ 
tion in the rabbit. 

(2) The lesion is characterized chiefly by an early loss of epithelium 
at the site of inoculation, which is accompanied by the development of 
photophobia and conjunctivitis. 

(3) Cyloryrtcs raccbuv arc present in the cells of the lesion. 

3. VACCINIA FOLLOWING INOCULATION OF Till: MUCOUS M KM UK AN K OF 

tiif; monkky. 

In this section will be presented the results of inoculation of the 
mucous membrane of the monkey with vaccine virus. The evolution of 
the lesion at the site of inoculation, the general reaction of the animal, 
and the histology of the specific lesion will be described in some detail. 
These inoculations were undertaken to show what variations might result 
in the evolution of the specific lesion of vaccinia due to a change in the 
locus of inoculation. Tin* material collected for the histological study 
of the specific lesion also served for the study ol the parasite of the 
disease. 

Techniyuo .—Nine monkeys were inoculated in this series. Vaccine 
virus No. I was rubbed into shallow incisions made on the mucous mem¬ 
brane of the soft palate, of the septum of the nose, and of the inner surface 
of tin* lower lip. The appearances at the site of inoculation, the body 
temperature, and the general condition of the animal were noted daily. 
The monkeys wen* killed at various intervals after the inoculation, and 
material for histological study was preserved in Zenker's fluid. 

EXI’KKIMKNT.H IN DETAIL. 

No. HI. Adult male M. citnomuluffiis. Inoculated on the ’left side of nasal 
septum, on inside of lower lip, and on the soft palate with vaeeine virus No. I. 
At the time of inoculation some of the virus was also blown into the throat. 
Body temperature .'19°. 1) O. 
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Twenty>four hours after the inoculation no process was visible at the site of 
the incisions. Body temperature 38°.5 C. 

Forty-eight hours. In the nose the inoculation scratch is just visible. The 
lip presents a small white spot. The palate shows a minute, white papule 1 
millimeter or less in diameter. Body temperature 38° G. 

Three days. Nose: Some elevation and opacity of the mucous membrane about 
a small brown area. Lip: Three circular opaque white areas, 2 millimeters in 
diameter, along the line of inoculation. Each of these opaque areas shows a 
minute central pink spot. Palate: In the inoculated area are two small, slightly 
elevated, opaque white spots, about 2 millimeters in diameter, each with a 
minute central pink dot and surrounded by an areola. Body temperature 
38°.4 C. 

Four days. Nose: An opaque white elevation, just inside the orifice. Lip: An 
elevated opaque white area, 3 X ti millimeters, the center of which is macerated 
and which is surrounded by a distinct red flush. Palate: An oval area, 3X4 
millimeters, opaque-white, with 2 minute translucent dots near the center. The 2 
areas noted yesterday have fused. Marked peripheral pink flush. Body tem¬ 
perature 30° G. 

Five days. Nose: Loft orifice almost closed by swelling of mucous membrane. 
On the anterior portion of the left side of the septum is an elevated, white area 
surmounted by a small vesicle surrounding a small yellow crust. Lip: The lesion 
presents an eroded area with an elevated ragged edge, 10 X 5 millimeters in 
extent and surrounded by a distinct areola. No trace of vesicle formation can 
be made out, the lesion being essentially an ulcer. Palate: An elevated opaque 
whit© area, 5X3 millimeters, with gray, semi translucent center and surrounded 
by an aerola. Body temperature 39°.2 G. Animal chloroformed and autopsy 
done at once. Primary lesions as described. No evidence of a septic lesion found 
in gastrointestinal tract. Viscera normal. 

No. 82. Adult male M. cynomuloyus. Inoculated on mucous membrane of 
nose, lip, and palate with vaccine virus No. 1. Body temperature 39°.5 C. 

Tw'enty-four hours after the inoculation the mucous membrane show's no 
macroscopic lesion. Body temperature 39°.5 G. 

Forty-eight hours. A small, white area is visible in the nose and a similar 
spot is seen at the site of inoculation on the lip. The palate show's no lesion. 
Body temperature 38°.8 G. 

Thrco days. Nose: A pink elevation is visible. Lip: A W’hite, opaque area, 
2 X 5 millimeters, is apparent along the line of inoculation. The mucous mem¬ 
brane over this area is more or less macerated, and about the area there is a 
distinct red flush. Palate: A single translucent papular elevation, 2 millimeters 
in diameter, with a minute opaque central dot is seen on the line of inoculation. 
Body temperature 39°.2 G. 

Four days. Nose: A number of minute elevated opaque areas surrounded by a 
pink flush. Lip: An excoriated, bleeding area, 0X3 millimeters, with an elevated, 
opaque, white edge und surrounded by a distinct areola. Palate: An opaque, white 
area with au elevated margin and surrounded by a red areola. Body temperature 
39°.6 G. 

Five days. Nose: A grayish elevation with a pink margin. Lip: An elevated 
opaque white area, 10 X 0 millimeters, with some erosion of the surface and with 
a sharp border which is surrounded by a red areola. Palate: An elevated, gray- 
yellow area, 8X3 millimeters, presenting several minute, bleeding points and a 
bright red areola. 

Six days. Nose: Inspection dillicult and findings indefinite. Lip: Lesion as 
beforo but somewhat increased in extent. Palate: Lesion us yesterday save that 
it has spread a little. Body temperature 40° C. 
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Seven days. None: Mucous membrane swollen nnd presnilM an opaque, white 
elevation on the septum, lap: Lesion is 1 centimeter in diameter, border slightly 
irregular and overhanging in places, central portion depressed and eroded, 
showing in places red granulation tissue and in places islands of macerated epi¬ 
thelium. The mucous membrane about the lesion is hyperaunie. Palate: An 
opaque, gray area, 10 X 4 millimeters, edge elevated and surrounded by an areola. 
Body temperature 30°.5 O. 

Light days. Nose: Yellow crusts are visible, but. swelling of the mucous mem 
brano renders close inspection impossible. Lip: Lesion is the same as yesterday 
save that the areolu has faded. Palate: Same as before save that areola is 
absent and the lesion has not extended. Body temperature 39° 0. Animal chloro¬ 
formed and autopsy done at once. Lesions at site of inoculation as described 
above; internal organs show no evidence of specific lesions. 

No. 83. Adult male M . cjinonioloyuft. Inoculated oil the septum of the nose, 
inside of the lip and on the soft palate with vaccine virus No. 1. Body tem¬ 
perature 39°.8 C. 

Twenty-four hours after the inoculation no sj>ecifie lesion is imieroscopically 
evident. Body temperature 31P.8 (’. 

Forty-eight hours. Nose: A narrow red crust is evident. Lip: Palate shows 
no reaction. Body temperature 38°.8 (’. Animal chloroformed and autopsy done 
at once. Kxtensive lesions of tuberculosis were present. This case will be de¬ 
scribed from the point, of view of the intercurrcnt disease in another article. 

No. 84. Adult male M. n/noinolngiis. Inoculated in the nose, on the lip nnd 
palate with vaccine virus No. 1. Body temperature 39°.f> (\ 

Twenty-four hours after the inoculation no evidence of reaction is visible. 
Body temperature 39°.2 C. 

Forty-eight hours. Nose: Negative. Lip: Small, red, papular elevation on line 
of inoculation. Palate: Bed line marks site of scratch. Body temperature 38° C. 

Three days. Nose: A small gray crust is visible on the septum. Lip: 2 
opaque, white elevations, 2 millimeters in diameter, are present, one at either end 
of the line of inoculation. Between these white spots runs a narrow white line. 
There is considerable reddening of the mucous membrane about the lesion. Palate: 
2 small, opaque, white elevations, 1.5 millimeters in diameter, arc joined by a 
narrow red line. Body temperature 39° C. Animal chloroformed and an autopsy 
done at once. Lesions at the site of inoculution as described above. The mucous 
membrane of the respiratory and digestive tracts examined and no evidence of a 
vaccine lesion found. 

No. 85. Adult male M. cynomologus. Inoculated on the inner surface of the lip, 
on the nasal septum, and on the soft palate with vaccine virus No. 1. Body tem¬ 
perature 38°.8 C. 

Twenty-four hours after the inoculation there is slight redness about the incision 
on the lip. The nose and the palate are negative. Body temperature 39° C. 

Forty-eight hours. Nose: A brown crust is visible. Lip: The redness persists. 
Palate: 2 small yellow papular elevations arc seen on the line of the inoculation. 
Body temperature 39" C. 

Three days. Nose: Trust is still present. Lip: A small, opaque, white area, 
1X2 millimeters, seated upon reddened mucous membrane. Painter 2 opaque, 
white papular elevations, 2 millimeters in diameter, and elevated 1 millimeter 
above the general surface, surrounded hv a pink Hush. Body temperature 39°,2 (\ 

Four days. Nose: Small vesicle with a pink, peripheral flush. Lip: Opaque, 



while area, 2 X 2 millimeters, with n distinct pink Hush about it. Palate: 
2 white elevations, 2 millimeters in diameter, Hat-topped, and 1 millimeter in 
height, surrounded by an areola. Body temperature 39°.8 C. 

Five days. Nose: Some degree of erosion of the mucous membrane of the sep¬ 
tum at the site of inoculation. Lip: An area, 8X4 millimeters, presents an 
elevated, somewhat ragged, white edge, an eroded central portion, and a circum¬ 
ferential. pink Hush. Palate: Elevated area, 8X3 millimeters, with a grayish- 
white center and a pink periphery. The nostril presents a vesicle which has 
spread from the mucous surface out upon the skin. Body temperature 39°.0'O. 

Six days. Nose: Left nostril almost occluded by swelling of the mucous mem¬ 
brane and by yellow crusts. Lip: Lesion presents same features as yesterday. 
Palate: Lesion has enlarged somewhat and the central portion has a yellow color. 
Body temperature 30°.8 G. 

Seven days. Body temperature 3t)°.5 G. Animal chloroformed. Nose: Along 
edge of nostril is a shallow excoriation, from which oozes a partly clear and partly 
cloudy fluid. The septum presents irregular, opaque, white elevations along the 
line of the inoculation, lap: Lesion as before, save that loss of substance is 
more marked and there is sonic bleeding. Palate: Lesion as before. Viscera 
appear normal. 

No. 8(1. Full grown female \t. vyncnnnlnyuM. Inoculated in nose, on lip, and on 
soft palate with vaccine virus No. 1. Body temperature 39° G. 

Twenty four hours after the inoculation no evidence of a specific process is 
visible oil inspection. Body temperature 39°.2 G. 

Forty-eight hours. Nose: A narrow crust marks the site of the inoculation. 
Lip and palate negative. Body temperature 39° G. 

Throe days. Lesions show no change since yesterday. Body temperature 38 y (’. 

Four days. Nose: White elevation at site of inoculation. Lip and palate 
negative. Body’ temperature 39° C. 

Five days. Nose: An elevation 2 millimeters wide on septum near edge, with 
central loss of substance. Tap and palate negative. Body temperature 38°.2 G. 

Six days. Nose: Left nostril almost closed by swelling of mucous membrane and 
yellow crusts. Inspection of interior not possible. Lip and palate negative. 
Body temperature 39° G. 

Seven days. Nose: Edge of nostril presents a shallow erosion partly covered 
by a yellow crust. lap and palate negative. Body temperature 39° G. 

Eight days. Nose: Excoriation about nostril persists. Swelling of mucous 
membrane less marked. Tap and palate show no lesion. Body temperature 39° 0. 

Nine days. Nose: Lesion at edge of nostril from this time on heals like any 
vaccination of the skin. Animal allowed to survive. Twenty-two days after the 
first inoculation the monkey was inoculated again with vaccine virus No. 1. 
No lesion followed. 

No. 87. Full grown male M. cytwmolnyus. Animal inoculated in nose, oil lip, 
and on soft palate with vaccine virus No. 1. Body temperature 39° G. 

Twenty-four hours after inoculation the nose is negative, while the lip and 
palate show a red line on the mucosa at the site of the incision. Body tem¬ 
perature 39°.4 G. 

Forty-eight hours. Nose: The inoculation scratch is now visible. Lip negative. 
Palate: Small red area at site of inoculation. Body temperature 38° G. 

Three days. Nose: Mucosa pink, lesion not definite. Lip: A white line 3 
millimeters long and 1 millimeter broad marks the site of the inoculation. 
Palate: Shows a white papular elevation 1 millimeter in diameter surrounded by 
a pink flush. Body temperature 39° C. 



Four days. Now: White elevation with a pink Hush about it. Lip negative. 
Palate: Opaque, white, oval, elevated area, 2 X .'1 millimeters, with a translucent 
center and a pink peripheral flush. Body temperature 3fi“.2 C. 

Five days. Nose: Left side of the septum and the roof of the left nostril 
swollen; considerable mucous discharge. A translucent vesicle is present at the 
edge of the nostril. Lip: No lesion. Palate: A gray white elevation, 2X3 mil¬ 
limeters, surrounded hy n pink flush. Body temperature 40° C. 

Six days. Nose: Left nostril all but occluded by a. mass of yellow crusts 
springing from the septum and the tipper border of the nostril. Lip negative. 
Palate: Oval urea with an elevated, opaque, white edge, an eroded, pink center, 
and a distinct red areola. Body tempera tun* 40° C. 

Seven days. Nose: Lesions at edge of nostril extending and involving skin. 
Inspection of mucous membrane not possible on account of crusts and swelling. 
Lip negative: Palate: Lesion measures 0X4 millimeters, edge sharply eireuni- 
scribed, elevated and gray white, central portion gray and eroded. Body tem¬ 
perature 30°.5 0. 

Fight days. Nose: Left nostril presents an opaque, white elevation, which bulges 
out from the septum and from the upper border of the orifice. The lesion at 
the edge of the nostril has extended somewhat on the skin surface. Lip negative. 
Palate: Lesion presents same features as yesterday. Body temperature 30° t\ 

Nine days. Nose: Lesion less extensive than before. Lip negative. Palate: 
Lesion presents same features as yesterday. Body temperature 30° C. Animal 
chloroformed. At autopsy no specific lesions found other than those at sites of 
inoculation. 

No. 88. Adult male .1/. cf/nomolotfus. Inoculated inside of nose, on lip, and on 
soft palate with vaccine virus No. I. Body temperature 3?-J" ('. 

Twenty-four hours after inoculation no reaction is visible. Body temperature 
38\« C. 

Forty-eight, hours. Nose: A narrow, dark-red crust marks the line of in 
oculation. Lip: Mucous membrane reddened about scratch. Palate: An area 2 
millimeters in diameter with an opaque white center and a deep red flush about 
it seen at the point, of inoculation. Body temperature 38" (\ 

Three days. Nose: Narrow, brownish, depressed line bordered hy an elevation 
the color of the mucous membrane. Lip: A line 1 millimeter wide, opaque-white 
in color, occupies the site of the scratch. About this line the mucous membrane 
is reddened. Palate: A narrow, irregular, white line bordered hy an areola, the 
whole somewhat elevated, is visible at. the site of inoculation. Body temperature 
38 w .2 C. 

Four days. Nose: Mucous membrane injected but no definite lesion can be made 
out. Lip: Ail opaque, white area, (i X 2 millimeters with small area of loss of 
substance and surrounded by a red areola. Palate: An oval area, 2 X 4 milli¬ 
meters, slightly elevated, and seated on reddened mucous membrane. Body tern-’ 
peratim*. 38°.f» CJ. 

Five days. Nose: Some mucopurulent discharge from the left nostril. A 
white elevation with a pink border is visible on the septum. Lip: Opaque, white 
elevated area, 8X2 millimeters, with some superficial loss of substance and with a 
red areola. Palate: 2 lesions present, one fi X 2 millimeters and one 2 X 2 
millimeters. Both lesions are slightly elevated and present a gray center, a white 
periphery, and a red areola. Body temperature 38°.8 C. 

Six days. Lesions same as yesterday save that they have extended somewhat. 
Body temperature 3!*° ('. Animal chloroformed and an autopsy done at once. 
Specific lesions as desc ribed. No evidence of vaccinal lesions found in respiratory 
or digestive tract. 
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No. 89. Adult mult* M. cynomoloyua. Inoculated ill nose, mi lip, and on soft 
palate with vaccine virus No. 1. Body temperature 89°.5 C. 

Twenty-four hours after inoculation the lip shows slight reddening of the 
mucous membrane about the scratch. The other sites are negative. Body tem¬ 
perature 89.° 5 C. 

Forty-eight, hours. Nose and palate negative. Lip: 2 small, red, papular eleva¬ 
tions, 2 millimeters in diameter, are present. About these the mucous mem¬ 
brane is reddened for a distance of 1 centimeter. Body temperature 39° C. 

Three days. Nose: A small crust is visible at the site of inoculation. Lip: 
An irregular, opaque, white area, from 1 to 3 millimeters broad and 8 millimeters 
long, surrounded by a red flush, is present. Palate: 2 flat-topped, white eleva¬ 
tions, 2 millimeters across and 1 millimeter high, seated on a slightly reddened 
mucosa, mark the site of the inoculation. Body temperature 39°.2 C\ 

Four days. Nose: Septum swollen and beset with yellow crusts. Lip: An 
irregular elevation from 2 to 4 millimeters wide and 12 millimeters long, dirty- 
white in color, and presenting superficial losses of substance. Lesion sharply 
circumscribed and surrounded bv a deep-red areola. Palate: Lesions have in¬ 
creased in size. Body temperature 39°.0 0. Animal chloroformed. At autopsy 
no specific lesions found other than those at the site of the inoculations. 

No. 90. Adult male M. cynomologu*. Inoculated in nose, on lip, and on soft 
palate with vaccine virus No. 1. Body temperature 40° C. 

Twenty-six hours of ter the inoculation the animal was chloroformed. No 
reaction was visible at the site of inoculation. No visceral lesions were found at 
autopsy. 

SIMM AKY. 

(1) Macroscopic appearance of specific lesions. —Lip: After 48 hours 
there appears a small, white or reddish pa pub*, or simply a red area at 
the site of inoculation. 

After 72 hours the mucous membrane is slightly elevated and opaque 
for a distance of 2 millimeters on each side of the scratch. There is a 
faint peripheral flush or areola. 

After 4 days the opaque area has spread 1 or 2 millimeters, the areola 
is more marked, and the edge of the lesion is more or less sharply circum¬ 
scribed. There may be some erosion of the opaque area and it always has 
a macerated appearance. From tins time on the lesion spreads slowly, 
presents a rather sharp, elevated, white, opaque border, with a peripheral 
flush, the central portion being more or less eroded. There is no mac¬ 
roscopic evidence of vesicle formation or of crusting. 

On the palate the lesion runs an identical course and begins to heal 
about the ninth day. 

In the nose, the macroscopic appearances are unsatisfactory, owing to 
the swelling of the mucous membrane which prevents (dose inspection. 
When the inoculation is at all near the anterior mires, there is a decided 
tendency for the lesion to spread out over the skin about the nostril, where 
it takes on the characteristics of a skin inoculation. 

(2) Constitutional reaction .—Xo general constitutional miction was 
observed. The temperature reaction was not marked, although there was 



slight elevation oi the temperature on the fifth, sixth, or seventh day of 
the disease. No general exanthem was observed. 

(»3) Histological examination of the, specific lesions and of the vis¬ 
cera, Of the three foci chosen for inoculation, in two the lip and the 
palate yield similar microscopic pictures. In the nose two varieties of 
lesions are found, depending upon whether the lesion develops upon the 
portion lined by stratified or by columnar epithelium. Tn the former 
case the lesion is similar to that on the lip or palate. 

In a general way the lesion on the palate which can be taken as a type 
of that on a stratified mucosa epithelium suggests a lesion on a hairless 
skin from which the crust and the other superficial parts have been 
removed. When we examine in detail lesions of various durations we 
find a close similarity in them to the vaccine lesion on the skin, both in 
the cell changes and in the histogenesis of the lesion. For forty-eight 
hours after the inoculation the only change demonstrable in a small cleft 
in the submucous connective f issue which is filled by blood and fibrin, with 
an occasional polynuclear leucocyte. A few leucocytes arc also to be 
found in and about the neighboring vessels and in the overlying epithe¬ 
lium which has closed over the inoculation wound. Later lesions show 
swelling and degeneration of the epithelial cells over » small area, which 
increases in size from day to day as the lesion spreads. If we study a 
lesion of 5 days’ duration we find at the periphery some swelling of the 
individual epithelial (’ells, which gives place, as we approach the center of 
the lesion, to various degenerations. In this thickened epithelium at the 
edge of the lesion we find fluid collecting between the cells in such a 
manner as to form minute chambers similar to those in the periphery of a 
skin lesion of the same duration. This is the only approach to vesicle 
formation presented by these lesions. In the center of the lesion the 
epithelial cells are quite unrecognizable, and the space is filled by fibrin, 
leucocytes, and cell detritus. There is often a rather sharp line of demar¬ 
cation between the swollen but comparatively normal epithelium which 
borders tbe lesion and the degenerated central portion. Occasionally 
islands of pathological, but still recognizable, epithelial cells are found 
in the necrotic area. 

The submucous tissue presents a complicated cell picture. The blood 
vessels are more or less prominent, in part on account of swelling and 
proliferation of their endothelial cells and in part from the large number 
of polynuclear leucocytes within them and migrating through their walls. 
The connective-tissue cells are more or less swollen and are frequently 
undergoing mitosis. A considerable number of eosiztophile leucocytes 
are frequently present. Polynuclear leucocytes occur in large numbers 
but do not form such a prominent part of the picture as they do in the 
skin lesion. Besides these readily identified cells there are many mono¬ 
nuclear cells present which are not so easily distinguished. The majority 
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of them seem to belong to the lymphoid-plasma cell series, while some are 
probably of endothelial origin. 

In the older lesions evidence of repair is found. The epithelial cells 
grow in from the epithelium at the periphery of the lesion and upward 
from the ducts of the glands. There is active, new formation of blood 
vessels and of connective tissue beneath the lesion. 

In the portion of the nose covered by columnar epithelium, the process 
is somewhat different from that described above. VVe find large areas 
denuded of epithelium and a marked reaction qf an intlammatory sort in 
the tissue beneath. The lack of coherence between the columnar epithelial 
cells in this situation prevents any marked thickening at the edge of 
the lesion. 

The protoplasmic phases of cytorycles variola were present in the 
epithelial cells in lesions of all durations and in all situations. Infected 
endothelial cells were demonstrable in one lesion. They occurred in a 
capillary beneath a lesion of six days’ duration on the stratified epithelium 
of the nose. 

DISCUSSION. 

The foregoing experiments show that an inoculation upon the nasal, 
buccal, or oral mucous membrane of the monkey with vaccine virus pro¬ 
duces a characteristic, self-limiting lesion. Histological study of those 
lesions shows them to be similar to those produced on the skin by vaccina¬ 
tion. The differences observed in the vaccine lesion on the mucous mem¬ 
brane from that on [he skin are readily explained by the physical condi¬ 
tions at the site of inoculation. The vaccine lesion on the mucous 
membrane shows no crust or vesicle.. The absence of these characters 
is undoubtedly due*to the fact that the epithelium at this site of inocula¬ 
tion does not possess a horny layer, and also to the fact that the surfaces 
are constantly rubbing one against the other and arc bathed with fluid. 
We have seen that small collections of fluid between the swollen and 
degenerated colls of the lesion may take place in the vaccine lesions of 
the mucous membrane. This process is the same as that seen in the 
peripheral portions of a developing vaccine lesion on the skin. However, 
as soon as a considerable amount of fluid collects the tendency is for it 
to escape on the surface, and so no large vesicle forms. The reaction in 
the tissue beneath the lesion is similar in kind to that beneath a vaccine 
lesion of the skin, but the process is less in degree, if we assume that 
the reaction in the corium beneath the skin vaccination is due to sub¬ 
stances absorbed from the specific process in the epidermis, it is to be 
expected that the reaction would he less intense beneath a vaccine lesion 
on a mucous membrane. In the latter situation the greater part of the 
products of the process in the epithelium must escape on the surface. 
The mildness of the constitutional reaction and the slight degree of fever 
which these animals present is doubtless due to the latter cause. The 
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constant presence of the cytoplasmic phases of cytoryctes variolic in the 
epithelial cells of the lesion and the absence of nuclear phases is consistent 
with the hypothesis that the latter are peculiar to variola, for as we will 
show later, the epithelial cells of the mucous membrane present many 
examples of the nuclear phases of the organism when variola virus is 
used for inoculation. 

CONCLUSIONS. 

(1) Vaccination of the monkey, M. cymmoloijus , upon the nasal, oral, 
or buccal mucous membrane gives rise to a true vaccine lesion similar to 
that which follows vaccination of the skin. 

(2) The vaccine lesion on the mucous membrane shows certain dif¬ 
ferences from that upon the skin, hut these differences are explained by 
the physical conditions at the locus of inoculation. 

(3) The presence of protoplasmic phases of rytoryrles variolic and 
the absence of nuclear phases of the organism in the vaccine lesion on 
the mucous membrane is consistent with I lie hypothesis that the former 
evcle is associated with tin* lesions of vaccinia and that tin* latter do not. 
occur in such lesions, being peculiar to variola. 



Part II. 


STUDIES UPON EXPERIMENTAL VARIOLA IN MONKEYS (MA- 
CACUS CYNOMOLOGUS AND M. NEMESTRINUS) AND IN 
THE ORANG-UTAN (S1MIA SATYRUS). 


1. VAHIOLA 1NO0ULATA FOLLOWING INOCULATION OF THE SKIN OF THE 

MONKEY. 

In those experiments particular attention was paid to the evolution of 
the specific lesion at the site of the inoculation, to the general exanthem, 
and to the constitutional reaction of the animal. Material was collected 
for the histological study of the primary lesion, of the exanthem, and of 
the internal organs. 

I Technique .—The different strains of virus used were obtained from 
cases of smallpox occurring among the European and native population 
of Manila and of the provinces. So far as circumstances permitted, the 
virus was kept on ice from the time of collection until used for inocula¬ 
tion. 

In some experiments the contents of the pustule or the dry disk was 
used, but as a rule the contents of the unclouded vesicle was selected for 
inoculation. Each strain of virus, except one, was inoculated at least 
once upon the skin of a fresh monkey to test its potency. The different 
strains used were as follows: 

No. 21. Collected April 6, 1004, from a case of severe variola vera in a native 
male, aged about 20 years, on the twelfth day of the disease. 

No. 52. Collected May 4 from a case of severe variola vera in an American 
negro in Bilibid Prison, aged about 30 years, on the tenth day of the disease. 

No. 167. Collected from a case of severe variola vera in a native male, aged 
about 20 years. The contents of the unclouded vesicle, was collected on the eighth 
day of the disease, August 6, and again on the following day. The contents of 
the pustules was collected on the fifteenth day and the disks from the palms and 
soles on the nineteenth day of the disease. 

No. 199. Collected on September 18 from a case of severe variola vera in an 
American infant on the ninth day of the disease. 

No. 200. Collected on September 17 from a case of severe variola vera in a 
Spanish-Filipino infant on about the ninth day of the disease. 

No. 252. Collected October 7 from a case severe variola vera in a native 
infant, at autopsy, on about the tenth day of the disease. 

No. 307. Collected on October 23 from a caso of severe variola vera in an adult 
native male on about the ninth day of the disease. 
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No. 325. Collected November 3 from a case of mild variola vera in a native 
boy, aged 8 years, on about, the tenth (lay of the disease. 

No. 32ft. Collected November ft from a ease of severe variola vcra in a native 
boy, aged 12 years, on about the eighth day of the disease. 

No. 327. Collected on November i) from u case of severe variola vera in a native 
girl, aged 11 years, on about the ninth day of the disease. 

Method of inoculation .— r l he introduction of the contagion i* to the 
animal was effected by making a number of si; pa rate shallow scratches 
with the point of a scalpel on the previously shaved and cleaned skin of 
the abdomen, and rubbing the virus into the wound with the back of the 
instrument. The inoculations were placed at least 2 centimeters apart. 
The usual precautions were observed to avoid the introduction of extrane¬ 
ous matter. An anaesthetic was employed whenever discomfort -might 
otherwise be caused to the animal. 

The animals were observed daily during the course of each experiment. 
The appearance of the lesions to the naked eye at the sites of inoculation 
was recorded, together with the occurrence and evolution of the exanthem, 
the constitutional reaction, the body temperature taken per rectum, and 
the reaction of the lymph nodes. 

Material for histological study was obtained either by excision of the 
lesions during the course of the experiment, or by autopsy when the 
animal was killed. All tissues were 1 fixed in Zenker’s fluid for twenty- 
four hours, washed in running water over night, and then hardened by¬ 
passing through alcohols of graded strength. Tissues were embedded by 
the chloroform-paraffine method. Sections were cut on tin? Minot micro¬ 
tome of a thickness of from 3 to ft microns, and were stained in a variety 
of ways. 

Tn certain experiments the immunity of the animal, resulting from the 
first inoculation, was tested by subsequent skin inoculations with vaccine 
or variola virus. 

This section is based upon the study of sixty-five monkeys inoculated 
on the skin with variola virus, of which the following experiments are 
selected to be given in detail. 

I. Clinical course of the disease. 

No. 114. Adult, male, Macacns cynomologus . Monkey was inoculated in 12 
places on the skin of the abdomen with virus No. 1G7 (vesicle contents). Body 
temperature 37°.0 (?. 

Twenty-four hours after inoculation the .scratches show a narrow, dry crust, 
about which the skin is opaque and slightly elevated for a distance of 1 or 2 
millimeters. Body temperature 39V2 C. 

Forty-eight hours. The skill for a short distance about the crusts is white, 
but this area fades, without a definite line of demarcation, into the surrounding 
normal skin. Body 7 temperature 38V2 C. 

Three days. The elevated skin about the crust is pink for a distance of 2 
millimeters.* Axillary lymph nodes slightly enlarged. Body temperature 39° C. 

Four days. The lesions are present as rounded, pink elevations with fairly 
definite borders and surmounted by delicate yellow crusts. The lesions average 
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7 millimeters across, in some there is a narrow translucent zone immediately 
around the crust. Axillary lymph nodes somewhat enlarged and firm. Body 
temperature 40“ C. 

Five days. The central crust is depressed, and is surrounded by a definitely 
elevated vesicular ring, which is bordered externally by a red areola, fading 
outwards into normal skin. There is much (edema of the subcutaneous tissue 
beneath the lesions, producing a broad indurated base on which the legions are 
individually prominent. The lesions average 8 millimeters in width. Axillary 
lymph nodes distinctly enlarged and hard. Body temperature 41°.5 (J. 

Six days. Both the crust and the vesicle have increased in extent. The contour 
of the lesion shows an abrupt elevation in the zone of the areola. Average width, 
10 millimeters. A few small red papules arc noted on the shaved area of the 
abdomen near the belt line. Axillary lymph nodes enlarged and hard. Body 
temperature 40°.8 C. 

Seven days. The lesion presents as a fiat-topped elevation with a central 
brown crust and an opaque vesicular ring. Average width 8 millimeters. The 
lesions are less prominent to-day, owing to the subsidence of the subcutaneous 
(edema. Two of the papules noted near the belt line have increased somewhat 
in size. Axillary lymph nodes as before. Body temperature 40° C. 

Eight days. Primary lesions are beginning to undergo involution, the crust is 
spreading at the expense of the vesicular ring. Subcutaneous tedenm has almost 
disappeared. On the face there are a dozen or more papules and vesicles from 
2 to 4 millimeters in diameter. Similar lesions are present on the abdomen, 
the scrotum, the inner aspect of the thighs, and on the palms. Axillary lymph 
nodes as before. Body temperature 40° C. 

Nine days. The vesicular element in the primary lesions has been obliterated 
by the spreading of the central crust. The lesions of the exanthein are present as 
filled out vesicles, some of which have opaque, white or yellow contents, and all 
are surrounded by a bright red areola. An abundant eruption is noted on the tail 
and the skin about its base. Axillary lymph nodes slightly enlarged and hard. 
Body temperature 39°.5 C. 

Ten days. Many of the primary lesions have been scratched and are present as 
shallow ulcerations over which the. epithelium is spreading from the edge. The 
lesions no longer present specific characters. The lesions of the exanthein are dry 
and crusted. The eruption is noted to-day on the soles and on the dorsal aspeet 
of several of the fingers and toes. Axillary lymph nodes of almost normal size 
but still firmer than normally. Body temperature 38°.5 C\ 

From this time on the specific lesions healed without complications. Material 
was collected at intervals for the histological study of the primary lesions. 

No. 115. Half-grown male, Macavus cynomoloyuft. Inoculated in 12 places on 
the abdomen with virus No. 107 (vesicle contents). Body temperature 38° C. 

Eighteen hours after the inoculation a narrow, brown crust, surrounded by a 
sharply circumscribed, elevated, opaque, white area 5 millimeters across, marks 
the site of the inoculation. Body temperature 39°.4 <’. 

Forty-eight hours. The. skin about the crust is elevated and pink for a dis¬ 
tance of 2 millimeters. Body temperature 37°.8 C. 

Three days. The elevated area has increased in extent and is distinctly red in 
color. Axillary lymph nodes slightly enlarged. Body temperature 38°.8 C. 

Four days. Immediately about the crust there is a distinct translucencc of 
the skin. Average width of lesions, 7 millimeters. Axillary lymph nodes dis¬ 
tinctly enlarged. Body temperature 39°.5 C. 

Five days. The lesion is present as a rounded elevation surmounted by a 
narrow, brown crust, about, which there is a distinct vesicular ring, translucent 
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near the crust and shading insensibly into a pink zone, which fades out into the 
surrounding normal skin. Considerable subcutaneous oedema. Average width 
of lesions, 8 millimeters. Axillary lymph nodes distinctly enlarged and hard. 
Body temperature 41°.5 U. 

Six days. Ihe central crust is surrounded by a narrow, opaque, white vesicle 
on a pink elevation, measuring from 0 to 10 millimeters across. Axillary lymph 
nodes as before. Body temperature 39°.8 C. 

Seven days. The lesions present as flat-topped, sharply circumscribed eleva¬ 
tions, from 9 to 10 millimeters in diameter. Thu central crust, somewhat 
depressed, is surrounded hy an elevated vesicular ring which is opaque-white in 
color. On the upper lip, the abdomen, the arm, and the scrotum are seen small, 
red, papular elevations. Axillary lymph nodes as before. Body temperature 
39°.8 C. 

Eight days. Yellow, turbid lluid oozes from beneath the central crust. The 
vesicular ring has been obliterated in places by the spreading of the crust. The 
lesions of the exanthem arc somewhat larger and vesicular. Three new' lesions 
have appeared on the face and one in tin* groin. Lymph nodes as before. Body 
temperature 39°.5 C. 

Nine days. The vesicular zone of the primary lesion has been entirely obliterated. 
The subcutaneous <rdcina has almost disappeared. To-day an exantlicm is noted 
at the edge of the nostril and in the vestibule. The tail niul the skin at its base 
present numerous small papules nxd vesicles, each surrounded by a distinct areola. 
Axillary lymph nodes enlarged and hard. Body temperature 39°.5 C. 

Ten days. Primary lesions are healing and present no specific characters. The 
lesions of the exanthciu have dried and arc healing. One eruptive lesion found 
on the sob? of the? foot and several oil the dorsal aspect of ihe toes. Axillary 
lymph nodes of almost normal size but still linn. Body temperature 39".5 C. 

No. 110. Young, adult male, Macaous ct/nomolvyus. Inoculated in 12 places 
on the skin of the abdomen with virus No. 107 (vesicle contents). Body temper 
ature 38°.5 C. 

Eighteen hours after the inoculation the skin about, the scratch is slightly 
elevated and opaque for distance of 2 millimeters. Body temperature 38°.0 C. 

Forty-eight hours. The site of inoculation is marked by a narrow, yellow 
crust surrounded hy a pink elevation 3 millimeters in width. Body temperature 
37°.8 0. 

Three days. The primary lesion as before, save that the elevation is more 
marked and the color deeper. Axillary lymph nodes slightly enlarged. Body 
temperature 40" (\ 

Four days. The brown, central crust is seated upon a pink elevation (5 to 10 
millimeters across, which fades out into the normal skin. Immediately about 
the crust there is a narrow zone of translueenee suggesting vesicle formation. A 
marked subcutaneous mdema renders the lesions prominent. Axillary lymph 
nodoH enlarged and hard. Body temperature 40 J 

Five days. Primary lesion as before hut it lias inereased in size. Axillary 
lymph nodes markedly enlarged and hard. Body temperature 4P C. 

Six days. The crust is surrounded by a definite vesicular ring, which in turn 
is surrounded hy a dull pink areola. Average width of lesions, 9 millimeters. 
Axillary lymph nodes as before. Body temperature 39°.fi (\ 

Seven days. The primary lesions present as circumscribed elevations with a 
centra], depressed, brown crust, an elevated, opaque-white, vesicular ring, and a 
bright-red areola. Average width of lesions 9 millimeters. On the face, the 
abdomen, the scrotum, the thighs, and the arms are numerous small pnpules or 
vesicles, each surrounded hy a red areola. Axillary lymph nodes as before. Body 
temperature 39°.8 C. 
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Eight days. Primary lesions no longer show a vesicle. Many of the papules 
have become vesicles and the vesicles pustules. There is some increase in size 
of the lesions of the exantliem. Axillary lymph nodes as before. Body tempera¬ 
ture 40° C. 

Nine days. Some subcutaneous oedema persists beneath the primary lesions, 
which, however, have lost their specific character. The exanthem is beginning 
to dry on the face. Many papules and vesicles, not noted before, are visible on 
the tail and on the skin at its base. Axillary lymph nodes enlarged and hurd. 
Body temperature 39°.5 C. 

Ten days. The primary lesions are healing. Eruptive lesions found to-day on 
soles and palms. Axillary lymph nodes still enlarged and hard. Body temper¬ 
ature 39°.6 C. 

No. 117. Adult male, Atacacus cynomologus . Inoculated with same virus and 
in the same way as the preceding animals. Body temperature 37°.8 C. 

Eighteen hours after inoculation a narrow yellow crust is scum upon an opaque, 
slightly elevated area. Body temperature 39 ".2 C. 

Forty-eight hours. The elevation and opacity have extended somewhat. Body 
temperature 37°.2 C. 

Three days. The lesion presents a linear crust on a slightly elevated, pink 
area 4 millimeters across. Axillary lymph nodes slightly enlarged. Body tem¬ 
perature 39° C. 

Four days. About the crust is a narrow translucent zone which merges with 
the pink elevation, which in turn fades oil' into the surrounding skin. Average 
width of lesions, 7 millimeters. Axillary lymph nodes distinctly enlarged and 
hard. Body temperature 39°.5*0. 

Five days. A distinct but narrow vesicle is evident around the crust. Con¬ 
siderable (edema beneath the lesions. Areola well marked. Axillary lymph nodes 
as before. Body temperature 40°.5 C. 

Six days. Certain of the lesions show a typical development presenting a 
crust, a definite vesicle, and an areola, the whole lesion being sharply elevated 
from the surrounding skin. Other lesions show departure from the normal type 
in that the vesiculation is less marked and the lesions are not as sharply cir¬ 
cumscribed. Lymph nodes enlarged and hard. Body temperature 40 c \2 C. 

Seven days. Some lesions typical, others show a spreading of the crust with¬ 
out macroscopic evidence of vesicle formation. Average width of lesions 9 mil¬ 
limeters. On the face, abdomen, scrotum, inner aspect of thighs, axilhc, and arms 
are numerous pink, papular elevations 2 millimeters in diameter, some of which 
present translucent central points. Axillary lymph nodes as before. Body tem¬ 
perature 39°.6 C. 

Eight days. Certain of the primary lesions show remnants of the vesicle at 
the edge of the spreading central crust. The lesions of the exanthem have 
increased in size ami the contents of many of the vesicles has become cloudy. 
New eruptive lesions are present on the abdomen. Axillary lymph nodes as 
before. Body temperature 39°.8 C. 

Nine days. The primary lesions show u narrow zone of translucent epithelium 
close to the crust. This appearance suggests the taginning of the healing of the 
lesion by the ingrowth of new epithelium rather than vesicle formation. Lesions 
of the exanthem have dried up with or without rupturing. Axillary lymph nodes 
Blightly enlarged but firmer than normal. Body temperature 39°.5 C. 

Ten duys. The healing of the primary lesions is well under way, and they have 
lost all specific character. To-day an exanthem is noted in the region about the 
ischial tuberosities and beneath the tail. Eleven eruptive lesions found in the 
palms and soles and many are also present on the fingers and toes. Axillary 
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lymph nodes slightly enlarged and hard. Body temperature 39° C. Specific 
lesions healed without complications. 

No. 118. Adult, mule, Ala vac us cynomologus. Inoculated with the same virus 
and in the same manner as the previous animals. Body temperature 38°.8 U. 

Eighteen hours after inoculation. Some elevation and opacity is evident about 
the scratch. Body temperature 38°.5 0. 

horty-eight hours. Elevation and opacity more marked. Body temperature 
37°.4 C. 

Three days. Lesion presents as a narrow, yellow crust on a pink elevation 5 
millimeters across. Axillary lymph nodes slightly enlarged. Body tempera¬ 
ture 39° C. 

Four days. A narrow zone of tronsllicence is visible near the central crust. 
The lesion is roundly elevated, of a pink color, and merges without sharp line of 
demarcation with the surrounding skin. Average width of lesion, 7 millimeters. 
Considerable subcutaneous (edema. Axillary lymph nodes enlarged. Body tem¬ 
perature 39°.6 C. 

Five days. A definite vesicular ring surrounds the crust and is surrounded in 
turn by a pink areola. The lesion is not sharply circumscribed. Axillary lymph 
nodes enlarged and hard. Body temperature 4l°.2 0. 

Six days. The vesicular ring has become opaque and has increased in extent. 
There is some diversity in the size of the lesions. Axillary lymph nodes as 
before. Body temperature 40°.6 C. 

Seven days. The central crust is surrounded by an elevated ring in which evi¬ 
dence of vesiculation can be made out in places. The edge of the lesion is 
sharply circumscribed and rises abruptly from the surrounding skin. A definite 
pink areola is present. Average width of lesions, 9 millimeters. On the face, 
inner aspect of arms, thighs, and abdomen arc red, papular elevations 2 milli¬ 
meters in diameter. Some of these present a minute translucent center. Axillary 
lymph nodes as before. Body temperature 40°.2 C. 

Eight days. Involution of primary lesions has begun. The vesicular ring has 
entirely been obliterated by the spreading of the central crust. The subcutaneous 
oedema has disappeared. The lesions of the exanthem have increased in size and 
are definitely vesicular. Some new papules arc present today upon the abdomen 
and face. Axillary lymph nodes of normal size but firmer than normal. Body 
temperature 40°.2 C. 

Nine days. Primary lesions beginning to heal. The exanthem is dry and no 
new lesions have appeared. Axillary lymph nodes as before. Body temperature 
39°. C. 

Ten days. Primary lesions not notable. Eruptive lesions, not noted before, are 
present on the pulms. Axillary lymph nodes as before. Body temperature 39° C. 

No. 170, Adult male, AIacacus cynomologus. Inoculated in fi places on the 
skin of the abdomen with a suspension of pulverized disks (virus No. 167) in 
sterile salt solution. 

Three days. An opaque elevation 3 millimeters across is present at the side 
of inoculation. Body temperature 39° C. 

Five days. Lesion presents a small crust on a pink elevation 5 millimeters 
across. A narrow zone of translucencc borders the crust. Body temperature 
39° C. 

Six days. The central crust is depressed and about it there is irregular vesicle 
formation. The lesions vary much iu size. Body temperature 40° 0. 

Seven days. Primary lesions have increased slightly in extent. Considerable 
subcutaneous oedema is present. Body temperature 39°.5 C. 
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Eight days. Some of the primary lesions show a distinct but irregularly 
developed vesicular zone. Near anus is u single vesicle 2 millimeters aerosB 
surrounded by a red areola. 

Nine days. The central crust has encroached upon and partly obliterated the 
vesicular zone. Single small vesicles are present on the arm, the thigh, beneath 
the tail, and on the ankle. 

Ten days. Primary lesions healing. No new exanthem. 

No. 171. Inoculated with the same virus and in the same manner us thn pre¬ 
ceding monkey. 

The evolution of the primary lesion was delayed and the vesiculation irregular, 
as in the previous experiment. No general exanthem was observed. The temper¬ 
ature reaction was indefinite. 

No. 161. Half grown male, Macacua cynomoloyus. Inoculated in 6 places on 
the skin of the abdomen with a suspension of pustular contents [(virus No. 167), 
dried with lycopodium powder] in sterile salt solution. 

Twenty-four hours after inoculation there is slight elevation and opacity about 
the scratches. 

Subsequent to this, for a period of i3 days after the inoculation, there is no 
evidence of a process. 

Six days. lesions present a narrow crust on a pink elevation. The appearance 
is the same as that seen on the third day nfter an inoculation with fresh vesicle 
contents. 

Seven days. The lesion has increased somewhat in extent and is shnrply 
circumscribed. 

Eight days. An irregular vesicular zone is developed about the erimt. 

Ten days, Vesiculation no longer apparent. Hut slight induration can be 
made out. in the lesion. No general exanthem was observed either before or after 
this date. The animal was subsequently inoculated with vaccine virus No. 1, but 
failed to react. 

No. 11»4. Young male, Atiwavua vvmistrinua . Inoculated in 12 places on the 
skin of the abdomen with virus No. 196. Body temperature 38°.8 C. 

Twenty-four hours after inoculation there is slight, elevation and opacity about 
the scratch. Body temperature ‘17°.8 C. 

Forty eight, hours. Marked elevation and opacity around the linear crust. 
Body temperature 39°. 1 C. 

Three days. There is marked subcutaneous <edema beneath the lesion. The 
elevation about the crust is distinctly pink in color. Body temperature 38°.9 C. 

Four days. The lesion consists of a rounded, pink elevation 5 millimeters 
across, surmounted by a crust, about which is a narrow zone of translucence, the 
whole lesion being underlaid hv a broad indurated area of subcutaneous (edema. 
Body temperature 39°.3 0. 

Five days. An irregular development of the vesicular ring is apparent in certain 
of the lesions. Body temperature 39".5 C. 

Six (lays. Many of the primary lesions have been scratched by the animal and 
are present as excoriated areas surrounded by a red elevation and seated upon a 
broad indurated base. Body temperature 39°.6 0. 

Seven days. Primary lesions as before. A profuse exanthem consisting of 
small, red papules and vesicles is present upon the face, trunk, and extremities. 
Body temperature 38°.7 (■. 

Eight days. The primary lesions have crusted and in places there is slight 
vesicle formation. Several new papules and vesicles are present cm the face and 
thighs. One small vesicle is visible on the hard palate. Body temperature 38° (-, 
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Animal killed and autopsy done at once. Material saved for histological ex¬ 
amination of specific lesions and of the viscera. Axillary lymph nodes enlarged 
and red. On section much blood-stained fluid exudes from the cut surface. 

II. Histological examination. 

The primary lesion 18 hours after inoculation: Microscopic examination of 
sections from the site of the inoculation shows a solution of continuity which 
involves the epithelium and may or may not extend into the coriuni beneath. 
The defect is filled by an exudate composed of polynuclear leucocytes which lie in 
a inesliwork of fibrin. On the surface the elements of this exudate are fused 
into a crust. On either side of the defect the epithelial cells of the veto are more 
or less swollen, and some present clear, circular areas in their protoplasm, sug¬ 
gesting hydropic degeneration. The nuclei of these cells are swollen and the chro¬ 
matin tends to collect in masses. Volynuclear leucocytes are present in consider¬ 
able numbers in and around the vessels of the coriuni and in the connective tissue 
beneath the defect. The leucocytes are streaming into (he defect and into the 
adjacent epithelium. 

Forty-eight hours. The sections present the same general characters as those 
from the earlier lesions. The defect in the epithelium is sometimes obliterated 
in such a manner that a layer of epithelium is interposed between the exudate 
which has collected beneath the crust and the injury to the coriuni. The poly¬ 
nuclear leucocyte infiltration is more intense. The epithelial cells of the lower 
layers of the epidermis about the line of inoculation show more marked degenera¬ 
tion, and the cells are frequently separated one from another by fluid. 

Three days. The crust has increased in thickness and, with the destruction of 
the epithelial eel Is in the central line of the lesion, may fuse with the coriuni. 
The epithelial cells of the lower layers adjacent to the crust show various forms 
of degeneration. Some present ballooning degeneration, and the ncoumulatkm of 
fluid between the cells is more evident, than in the earlier lesions. Jn places, 
vesicle formation is foreshadowed by the appearance of small, irregular cavities 
formed either by the accumulation of fluid between the cells or by the bursting of 
hydropic cells. The? coriuni is the site of a definite reaction, shown by an enlarge¬ 
ment of the endothelial cells of the blood and lymph vessels. These enlarged 
endothelial cells may contain uytoryctes. There is a marked polynuclear leu 
eocyte infiltration of the coriuni and the epithelium about the crust. Jn some 
cases a mass of leucocytes, with granular precipitate ami fibrin, is found in the 
corium just beneath the center of the lesion. The cellular sheaths of the hair 
follicles show changes similar to those seen in the cells about the crust, and an 
abundant polymorphonuclear infiltration is present. Some lesions of this age show 
definite vesicle formation such as will be described later. 

Four days. Lesions of this age may present vesicular cavities under the lateral 
expansions of the crust. In some lesions the whole crust is elevated and the 
lateral vesicles communicate with one another. The epithelium at the sides of 
the lesion niul below the lateral portions of the vesicle is more or less swollen 
and shows various degenerations, the most marked forms of which are found ill 
those cells nearest the center of the lesion. The epithelium is completely de¬ 
stroyed in the axis of the lesion. The corium beneath shows proliferation of the 
endothelial cells of the blood vessels and of the lymphatics, together with an 
enlargement of the connective-tissue cells. A |>olyinorphomiclcar leucocyte infil¬ 
tration is apparent in the corium and in the thickened epithelium about the vesicle. 
In some lesions the contents of the vesicle shows a predominance of polymorphonu¬ 
clear leucocytes under the crust, while the outer portions are all but free from 
these cells, containing only granular precipitate and fibrin. 

Five days. The topography of the lesion at this stage shows considerable 
variation, due to differences in the extent of the vesicle formation. The typical 
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picture is similar to that in the four-day lesion with some increase in the extent 
of the vesicle and in a more marked reaction in the corium beneath the lesion. 
The polynuclear leucocyte infiltration of the corium is loss intense, but the 
vesicle cavity shows a more even distribution of the pus cells. The reaction of 
the corium is more marked, being shown by the presence of oedema, necrosis, and 
an increase in the cellular content of the tissue. Aside from the polynuclear 
leucocyte the dominant clement is a large cell with a vesicular nucleus surrounded 
by an abundant reticular protoplasm. These cells show a great variation in 
form, some being rounded, others irregular, the outline seemingly being condi¬ 
tioned by the space in which the coll lies. Many of these cells arc found just 
outside of the capillaries and in the lymph spaces of the tissue, and by compar¬ 
ison of their morphology and staining reaction with that of the swollen endo- 
tholiul cells, in situ in the capillaries and in the lymph spaces, it seems certain 
that they are identical with them. Many of these cells are phagocytic and in 
some mitosis is seen. In certain of these cells early stages of the cytoplasmic 
phase's of Cy tor yet vs variola • are present. In addition to these endothelial cells, 
which have often wandered for some distance from their place of origin, a 
certain number of elements are found of the lymphoid and plasma cell series. 
The. connective-tissue cells all through the corium about the lesion are swollen, and 
in some mitosis is in progress. The nerve bundles are frequently invaded by 
polymorphonuclear leucocytes. The cellular reaction of the corium is shared 
by the adjacent subcutaneous tissue and extends for a considerable distance from 
the line of inoculation. Necrosis is seen in the tissue beneath the center of the 
lesion, the cells losing their basic affinity und undergoing more or less fragmenta¬ 
tion or solution. Many deeply stained spherules of various sizes ure scattered 
through the necrotic tissue, evidently the nuclear fragments of polynuclear 
leucocytes. 

Six days. The general relations of the vesicle cavities and the crust remain 
as before, although the outer limits of the vesicle often extend beyond the limits 
of the crust, being roofed by a layer of corniiicd epithelium which sweeps down¬ 
ward to form a part of the lateral wall of the cavity. In some instances tho 
beginning of vesicle formation, shown by collection of fluid between tne cells, is 
apparent a short distance beyond the outer limits of the main vesicle. A similar 
condition is met with in the depths of the cellular sheaths of the hair follicles. 
The fusion of the middle portion of the crust with the underlying corium is 
often appurent, although in many places a collection of leucocytes is present here 
which is continuous with the lateral vesicles and with the purulent focus which 
forms in the corium along the line of inoculation. In such a lesion a roughly 
T-shaped cavity can be made out, the vertical portion being filled with leucocytes 
and extending from the crust for a variable distance into the corium, while the 
cross arm has for its extremities the vesicular cavities which extend laterally 
under the crust. The vertical portion of this T can often be traced to the focus 
of necrosis which lies in the lower layers of the corium and the upper portion of 
the subcutaneous tissue. The reaction of the corium is very marked at this 
stage. Study of the outer limits of the necrotic area shows that the large cells, 
which we believe to be endothelial in origin, seem to be resistant to the agent 
which is causing the necrosis. The large cells are frequently to be seen in ail 
apparently normal condition in an area where all other cellular elements have 
been destroyed. It is hard to determine whether this apparent immunity from 
destruction is due to qualities of the cell or whether it is because the cells have 
migrated into the necrotic area. In one instance a small capillary w r as found in 
the corium near the necrotic area line by swollen endothelial cells, many of which 
were infected with early stages of the cytoplasmic phases of eytoryctcs variola \ 

Seven days. The lesions of this age and those collected later show a progres- 
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»ivc healing of the process. 'I’lie vesicle soon disappears uml the polynuclear leu¬ 
cocyte infiltration of the whole field becomes less intense and eosinophiles appear. 

The epithelium grows inward under the crust and is joined by that which conics 
from the proliferation of cells of the hair sheaths. The blood vessels of the 
curium, send out prolongations, and the usual phenomena of repair dominate the 
picture. 

The exonthem: Sections of lesions collected on the first day of the appearance 
of the exanthem show a vesicular cavity of variable size in the epidermis. This 
cavity is roofed by a layer of cornifled epithelium and laterally and below is 
surrounded by thickened epithelium. The cells adjacent to the cavity show vary¬ 
ing degrees of degeneration, in every ease the layer of the retc which forms the 
floor of the vesicle is wanting at one or more points, so that the cavity in the 
epidermis is in communication with the corium. The blood vessels and the lym¬ 
phatics of the coriutn beneath the lesion present marked changes. These are in 
part due to the migration of polynuclear leucocytes which is going on from the 
vessels into the corium, the vesicle, and the epithelium about it. Besides this 
purely exudative phenomenon the endothelial cells of the capillaries and of the 
lymphatics show marked swelling and some proliferation. The normal relation¬ 
ships of structure in the corium are much disturbed by this combination of exuda¬ 
tion, proliferation, and swelling. A careful search of such areas failed to show 
any cytoryctes, although they were numerous in the cells of the retr which formed 
the floor of the vesicle. 

Sections from the exanthem collected later in the evolution of the lesion show 
an increase in the size of the vesicular cavity, hut no characters other than those 
found in the early lesions. 

The study of sections from the primary lesions and of the exanthem in M. 
mmestrinus show variations in degree but not in kind from the picture seen in 
the corresponding lesions in the Philippine monkey. The reaction in the sub¬ 
cutaneous tissue and ill the corium is more marked and cedenin plays a more im¬ 
portant rAle. The vesicle is not so well developed, but is similar in all funda¬ 
mental characteristics to that in .1/. eynomologus. 

Axillary lymph nodes: The sinuses are dilated, sometimes to a high degree. 
The cell content of the sinuses shows various deviations from the normal. The 
most prominent character is an increase in the number of endothelial cells. 
These cells increase greatly in size, become free in the sinuses, and show marked 
phagocytic properties. In the nodes from monkeys killed on the sixth and eighth 
days of the disease the included cells are in part red blood corpuscles and in part 
polynuclear leucocytes. Later the polynuclear leucocytes are the common inclusion, 
though lymphoid and other cells may occasionally he found within the phago¬ 
cytes. Besides the endothelial phagocytic cells, red blood corpuscles, and poly¬ 
morphonuclear leucoeytes are found in considerable numbers free in the sinuses. 
The lutter cells predominate in the nodes from animals killed oil the ninth day 
of the disease and later. Eosinophile cells are frequently encountered, hut do not 
as a rule occur in such numbers as do the polymorphonuclear leucocytes. 

The follicles show many phagocytic endothelial cells, singly or in small groups, 
scattered through their substance. In nodes from animals killed on the, eighth 
day of the disease, small areas of hemorrhage were frequently found. In these 
areas red blood corpuscles were present in flu* follicular tissue about a small 
capillary, many of them having been taken up by phagocytes. In nodes collected 
later in the disqgse large phagocytic endothelial cells were demonstrable, whose 
whole cell body was crowded with red blood corpuscles in various stages of dis¬ 
solution. In one node, collected on the eighth day of the disease, masses of 
eosinophile leucocytes were present in the follicles and in the sinuses. These cells 
differed from the usual eosinophile cells in that the granules were elongated. 
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Eusinophile cells having round, or slightly oval, granules were also present. The 
cells with the long granules differed from the usual cosinopliile cells in having 
a more distinct cell membrane than the regular type of cosinopliile. In this 
respect they conformed more closely to the type of the polymorphonuclear 
leucocyte. 

Bone marrow and testicle: As these organs present the only specific visceral 
lesions of smallpox in man they wore scrutinized with care in our .variolated 
monkeys. No macroscopic evidence of focal lesions in these organs were seen at 
autopsy, and the hone marrow from four cases and the testicle from twelve were 
negative in this respect when studied microscopically. 

Liver, spleen, kidney, and lung: No pathological process was demonstrable either 
maeroseopicully or microscopically in these organs. 

SUMMARY. 

1. (a) The macroscopic appearance of the primary lesion in Macacus 
cynomologm .—Twenty-four hours after inoculation there is some eleva¬ 
tion and some opacity of the skin about the scratch. The process has 
rarely a lateral extent of more than 2 millimeters. 

After 48 hours the appearance is usually the same. 

After 8 days the elevation is more marked and the opacity gives place 
to a pink or red appearance. So far ns can be discovered bv the naked 
eye, the specific process may now he said to have begun. Previous to 
this the reaction has been in no way different from that which follows a 
simple scratch, without the introduction of virus. 

After 1 days the lesion usually attains a breadth of 6 or 7 millimeters 
and is present as a distinctly pink or red elevation, which is firm to the 
touch and bears on its summit a narrow crust which has its origin in the 
drying of the serum exuding at the time of inoculation. However, the 
crust has somewhat increased in extent. At this time the skin about the 
crust is more or less translucent. Tt is often impossible to say whether 
or not this translucence is, at this time, the site of a definite vesicle. 

After 5 days the lesions show the characteristics of a pock, being re¬ 
solvable into rather distinct zones which correspond with those dis¬ 
tinguishable in the microscopic sections. Going from the center of the 
lesion toward the periphery, we recognize in turn - first a crust, second a 
vesicular ring, third a zone of elevation and hypenemia. The lesion now 
has a lateral extent of from fi to 8 millimeters. The whole lesion is 
more or less elevated upon a broad indurated base, due to (edema of the 
skin and subcutaneous tissues. 

After 6 days the.* picture is the same, save that each of the zones has 
extended peripherally. At about ibis time the profile of the lesion 
undergoes a change in that it loses its flowing outline as a more or less 
hemispherical elevation, and takes on a fiat-topped, plateau-like appear¬ 
ance. In going from the center outward we pass along- the fairly flat 
crust, then over the vesicular ring, which attains a greater elevation than 
the crust, forming a rampart, and then come to an abrupt declivity whore 
the zone of hyperaemia or areola extends into normal skin. 
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After 7 days the crust and the vesicular ring will be seen to have ex¬ 
tended somewhat, hut the former has encroached more or less upon the 
area occupied by the latter. The subcutaneous (edema is less marked. 

After 8 days the lateral excursion of the lesion has definitely ceased 
and involution begins. This process of involution is evidenced by the 
spreading of the crust so that it finally occupies all the territory held by 
the vesicular ring. At the same time the zone of hypenemia fades the 
subcutaneous oedema disappears, and the lesions eventually consist of a 
crust of variable thickness, beneath which the normal epithelium is slowly 
spreading. If a few days later the crust be forcibly removed, either a 
small pocket of pus or a tough mass, adherent to the crust, will be found 
beneath, bordered by pink, new-formed epithelium which is growing in 
from the periphery. In some lesions the microscopic characters of the 
process are reflected in the appearances as presented to the naked eye to 
a greater extent than in others. Thus, in the vesicular ring two zones 
can at times be made out, an inner, opaque one and an outer, translucent 
zone. This agrees with the microscopic findings in some lesions where 
the leucocytes are seen beneath and to one side of the crust, while there is 
only clear serum in the peripheral part of the vesicle. 

Departures from the type lesion were seen in certain of our animals. 
In some cases the vesicle ring docs not completely form around tin* crust, 
so that at the height of the process the crust may be bordered in part bv 
elevated and hypergem io skin. In other lesions a vesicle may not at 
any time become recognizable to the naked eye. A variation which is 
not uncommon is for the lesion to undergo typical evolution, but for the 
different; phases to he more or less delayed or accelerated. For example, a 
vesicular riqpmay he distinguished after 3 days or it may not be evident 
until after fi days. In some lesions the process appears to start from 
a number of separate points instead of spreading symmetrically from the 
scratch. 

The typical process is considerably modified by the character of the 
skin at the site of inoculation. Thus, on the thick and hairy skin of the 
back the several zones of the lesion, which arc clear enough in an inocula¬ 
tion on the abdomen, are not distinguishable. The same phenomenon is 
seen when the skin of the tail is inoculated. 

(b) The occurrence and macroscopic appearance uf the exanihem .— In 
ballon keys inoculated on the skin of the abdomen with variola virus, 
in one form or another, a general exanthem was noted in 50 (77 per 
cent). In the animals in which vesicle contents was used for inoculation 
the exanthein occurred in 32 out of 40 (SO per cent). The exanthem 
was first noted on the seventh day of the disease in 7 animals, on the 
eighth day in 2f>, on the ninth day in 14, and on the tenth day in 3. 
When vesicle contents was used for the inoculation, the exanthem was 
first noted on the seventh day of the disease 5 times, on the eight day 18 
times, on the ninth day 8 times, and on the tenth day onec. 
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The extent of tlie exanthcm varied greatly. In some animals only 1 
typical lesion was present, while in others over 100 were found. 

The distribution of tlie exanthem showed a partiality for certain 
regions. The face was most often the site of an eruption. Elsewhere, 
roughly in the order of frequency, it was present upon the wrists, the 
scrotum of the male, the region about the anus and base of the tail, on 
the palms of the hands and the soles of the feet, and on the inner aspect 
of the arms and thighs. The eruption seemed to avoid the trunk and the 
outer hairy surfaces of the limbs. 

The evolution of the exanthem was rather constant. The first appear¬ 
ance of the eruption was as minute, pink papules, rarely exceeding 1 
millimeter in diameter. On the next day this papule was larger, often 
measuring 2 millimeters and showing a vesicular structure. In the 
majority of cases the fluid contents of the lesion became cloudy on the 
next day, and the lesion was completely dried in another 24 hours. The 
exanthem,, therefore, has its complete evolution in about 4 days. In 
some animals the lesions pass through a longer period of development. 
In such lesions the papular, vesicular, and pustular stages could be 
recognized with as much certainty as in the primary lesions or as in the 
eruptive lesions of variola vera of man. The phenomenon was noted of 
the lesions appearing first, on the face and later on other parts of the 
body and of their drying up in the order of their appearance. 

The constitutional reaction, aside from the temperature, which might 
bo taken as an indicator of the general reaction of the inoculated animal, 
showed little of a definite nature. At a time when the primary lesion is 
in its active stage, about the sixth to the eighth day of the disease, the 
animal sometimes shows some degree of anorexia and a tendency to droop, 
but at no time docs it present such a constitutional reaction as is seen in 
the ease of variola vcra 9 of even moderate severity, in man. 

The temperature reaction in variola inoculala in the monkey, differing 
from the same condition in its companion disease, vaccinia, presents a 
very definite curve. A comparison of the temperature charts of 20 
animals, inoculated on tlie skin of the abdomen with vesicle contents, 
shows a marked rise in the body temperature on the sixth day of the 
disease in 11, on the seventh day of the disease in 2, and an indefinite 
one in 4. In only 3 of the animals was there no distinct elevation. This 
onset temperature may reach 41° C. In most cases the fever declines 
by lysis. The temperature reaction precedes the appearance of the 
exanthem by 24 to 48 hours. 

The lymph nodes, which are interposed between the area of skin on 
which the primary lesion develops and the main lymph trunks, show a 
definite reaction. On tlie fourth or fifth day of the disease they are 
increased in size. This tumefaction increases and may, when the in¬ 
oculation is on the abdomen, rpsult in an enlargement of the individual 
nodes in the axilla to a diameter of 1 centimeter or more. At the time 



291 


of the greatest swelling the nodes are markedly tender. After the ninth 
or tenth day the nodes become smaller but remain firmer than normally 
for a considerable length of time. 

The viscera of the animals killed during the disease showed no macro¬ 
scopic lesions. Particular attention was paid to the bone marrow' and 
testes, as these? organs are the site of the only specific visceral lesion in 
variola rera in man. 

(c) Inoculations of the skin with variola disks .—The inoculations in 
this series of animals resulted in a primary lesion which conformed to 
the type described above, save* that the whole process was retarded in its 
evolution. However, the occurrence of the* oxnnthom is in sharp contrast 
to that on the animals inoculated with the contents of the variola vesicle. 
The exanthem occurred in onlv 3 of the 5 animals, appearing in one on 
the eighth day, in the other 2 on the ninth day of the disease. In these 
3 animals a total of only 7 eruptive lesions were found. The exanthem 
passed through its evolution rapidly and the individual lesions were small. 
The temperature reaction was like that in the preceding experiments in 
3 of the animals, while in 2 it was indefinite. In other respects the 
results were similar to those in which the contents of tin* variola vesicle 
was used for inoculation. 

( d) Inoculation of the skin with dried pustule contents .—Jn both 
animals of this series the primary lesion was typical in its development; 
but somewhat delayed in its evolution. Xo exanthem was observed. The 
temperature reaction was the same as in the animals inoeulnted wdth the 
contents of the variola vesicle. 

(p) Inoculation of Macacos newestrinus .—-In this monkey there is 
considerable variation from the type? of the disease seen in Macaeus 
cynomologus. This difference is principally shown in the evolution of 
the primary lesion. In this species the vosieulation of the lesion is 
much less definite, and there is an exaggeration of the (edema beneath it. 
The oxanthem differed in no way from that observed in the Philippine 
monkey. The temperature reaction was less definite. Jn other respects 
the results of the inoculations w'ere similar. 

2. (a) Histological examination of the primary lesions .—The evolution 
of the lesion at the site of inoculation is characterized by a combination 
of degenerative, exudative, and reparative processes. Some one of these 
phenomena dominate the picture at different stages of the lesion, and in 
these various cell types figure. 

The earlier lesions collected during the first, second, and third days of 
the disease primarily present the process of repair of a simple wound 
of the skin, but to this is added a change in the epithelial cells which 
border the incision. In these cells some degree of swelling and of 
degeneration is evident, although the usual reparative power of the rote 
is retained in sufficient degree to bridge the defect caused by the inocula¬ 
tion during the third day of the experiment. 'Flu? cytoplasmic phases 
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of Cytoryctes variola! are found in the colls of the rete during these early 
stages of the lesion. 

From the third day of the disease onward the picture becomes more 
complicated. The degeneration of the epithelial cells is quite extensive 
and is evident for some distance from the line of inoculation. This 
degeneration is preceded by more or less swelling of the individual cells 
and some, though not wide spread, proliferation. The thickening of the 
epidermis about the inoculation is in the main due to the former process. 
Concomitant with the appearance of these phenomena wc find fluid 
collected between the epithelial cells which finally leads to the formation 
of definite cavities, the vesicular space being partly contributed to by 
the solution of the swollen and degenerated epithelial cells. The poly¬ 
morphonuclear leucocytes pass into the fluid of this' vesicle, and their 
increasing numbers finally give to the lesion the macroscopic character 
which we designate as a pustule. While this vesieulation has been in 
progress, the crust which originated in the inspissated exudate in the 
inoculation scratch increases in extent and in thickness. The degenera¬ 
tion of the epithelial cells about the lesion is most jnarked where they 
form the floor of the vesicle, and becomes less and less as we pass to the 
peripheral portions of the lesion. Similar cell changes are found in 
the sheaths of the hair follicles close to the lesion. 

While the vesicle has been forming in the epidermis, a reaction in the 
eorium has become manifest. The first change, besides the collection of 
polymorphonuclear leucocytes in the vessels and their migration toward 
the vesicle, is enlargement and proliferation of the endothelial cells of 
the lymphatics and blood vessels. The connective-t issue cells in the 
eorium undergo similar changes. Later in the disease a definite oedema 
of the eorium and of the adjacent subcutaneous tissue is present, and an 
area of necrosis can be made out beneath the center of the lesion As¬ 
sociated with this oedema and necrosis there is a large increase in the 
number of endothelial cells. These cells appear not only in and around 
the lymph vessels and capillaries but are found in the surrounding tissue; 
they contain cytoplasmic phases of Cylurycles variola both when in situ 
-on the walls of capillaries and when free in the tissue. Mitoses in these 
cells are frequent and some are met with containing two nuclei. The 
phagocytic properties of these cells are shown by their including leucocytes 
.and other cells. Lymphoid and plasma cells, together with a certain 
number of eosinophile leucocytes are found in the eorium at this time. 

During the later stages of the lesion the process of repair dominates 
the picture. The epithelium grows in from the sides and up from the 
hair sheaths and finally closes the defect caused by the variolous process. 
In the eorium the solution of the necrotic tissue and the new formation of 
blood vessels and connective tissue shows repair to he active. 

(b) The exanthem .—In the development of the exant hern, the process 
seen in the epithelium agrees with that found in the primary lesion. 
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However, in the coriurn the process of oedema and necrosis is lacking, but 
there is some degree of cell reaction evidenced by the enlargement and 
proliferation of endothelial cells. The* emigration of polymorphonuclear 
leucocytes is a prominent feature of the process. 

( c) The lymph nodes associated with the primary lesion show a 
marked reaction, consisting in proliferation of endothelial cells in ihe 
sinuses ami in the follicles and in the active phagocytic properties of 
these cells. The presence of red blood corpuscles and of polymorpho¬ 
nuclear leucocytes in the sinuses and the small areas of hemorrhage in 
the follicles appear also to he a part of the process. 

(d) The internal organs show nothing which can he interpreted as 
manifestations of the disease produced in the animal by tlu* inoculation. 

DISCUSSION'. 

We have seen that the inoculation of the skin of the monkey with 
variola virus brings about; a disease which exhibits characters at once 
relating it to variola in man and to vaccinia in man and in animals. The 
disease which follows an inoculation of the skin of the abdomen of 
Mar a cm cynomolo<jus with fresh variola virus consists essentially in— 

(1) The development of a lesion at the site of inoculation. 

(2) The appearance of a general cutaneous eruption of vesicular 
lesions. 

(3) The enlargement of lymph nodes in the axilla* and groin. 

(4) The constitutional reaction. 

When \vc examine tin* primary lesion microscopically wo lind it to he a 
self-limiting process which passes through certain definite phases which 
arc reflected in the gross appearances and are described as vesiculation. 
pustulation, and crusting. 

When we turn to the lesions of the exanthem we find that the char¬ 
acteristic phases of the primary lesion are produced in them. 

As we have said, the disease presents a series of characteristic phe¬ 
nomena, and when a number of animals arc simultaneously inoculated we 
see that those phenomena hear a definite time relation to one another. If 
we emphasize this time element we lind that the phenomena of the disease 
occur as follows. 

The evolution of the primary lesion covers a period of about 14 days 
from the time of inoculation. The first portion of this period comprises 
the active evolution of the local process. This period of active growth 
terminates on about the seventh day of the? disease. It is difficult, exactly 
to say when the lesions stop developing, hut after combining various obser¬ 
vations, this date is selected as the probable average time for tin* acme 
of the active evolution of the primary lesion. During the remainder of 
the period the phenomena of repair are dominant in the lesion. 

The general exanthem appears in the majority of cases on tin* eighth 
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day of the disease and lms a duration of about 5 days, the first 2 of which 
are employed in growth and the last 2 in healing. 

The lymph nodes show an enlargement on the fourth day of tin* 
disease and are always markedly enlarged on the fifth. They decrease 
in size* during the crusting of the primary lesion, but they are firmer than 
normal for a considerable time after the healing of the process. 

The constitutional reaction occurs at about the height of the active 
phase of the primary lesion—that is, on the sixth and seventh day of the 
disease. In a great majority of eases the temperature reaction begins 
on the sixth day of the disease and persists for 2 or 3 days. It is 
difficult to say just how long the fever lasts, as the decline is by lysis, but 
it is almost always within normal limits by the twelfth day. 
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If wo compare the disease produced in the monkey by cutaneous inocula¬ 
tion with variola virus with the disease which follows inoculation of that 
animal with vaccine virus we see at once that the processes are closely 
related. They are similar in that a self-limiting lesion appears at the 
site of inoculation, that the development of this lesion is associated with 
more or less constitutional reaction, and that certain lymph nodes 
become enlarged. The disease produced by inoculation with variola 
virus differs from vaccinia in that the primary lesion is usually followed 
l»v a general cutaneous eruption of lesions similar in many respects to the 
primary lesion and in that the temperature reaction is more abrupt in its 
onset and more intense. 

If we compare the disease produced in the monkey by cutaneous 
inoculation with variola virus with the various manifestations of variola 
in man, we see that the disease produced is more like variola inoculata 
than any of the other forms. In fact the only differences which we find 
between the two lie in the time of occurrence of the general exanthem 
and in the duration of the temperature reaction. Thus, in the monkey 
we have the exanthem appearing on the eighth day of the disease, the 
temperature, which appeared on the sixth day, quickly falling by lysis, 
while in variola inoculata in man the cxantliem appears on the eleventh 
and the temperature persists from the seventh to the ninth day. The 
development of the primary lesion and of the exanthem are practically 
the same in both. 

When wo compare variola inoculata in the monkey with variola vera 
in man we find that only certain characteristics of the disease type are 
held in common. 

Different forms of virus, such as vesicle contents, pustule contents, 
and disk, were used for inoculations. On the skin, all these forms of 
virus produced typical primary lesions. However, it is to be noted that 
the nature of the oontagium seemed to have an influence upon the 
occurrence and extent of the exanthem. We feel that these differences 
are explainable upon physical grounds and have to do with the reaction 
of the virus to external conditions rather than to any difference in the 
virus which is inherent to different ages of the lesion from which it is 
collected. This question will be taken up in another section of this 
article. 

In the course of our experiments monkeys of all ages and of both 
sexes wen* employed. We did not observe any difference in the reactions 
of these animals which could he attributed to these factors. The general 
physical condition of the animal did not scent to affect the results of the 
inoculations. 

The histological study of the specific lesions and of the viscera in 
variola inoculata in the monkey adds some details to our picture of the 
disease. We see that the specific lesions are similar in most respects to 
the vaccine lesions of man and of animals, and to the lesions of the 
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exanthem of variola vara in man. As has boon pointed out,® the specific 
lesions of variola inoculala in the monkey differ from the lesions of the 
exanthem in variola vera* in man in the greater prominence of the 
polynuclear leucocytes in the former. The primary lesions of variola 
inoculala in the monkey differ from the vaccine lesions of that animal 
in the extent and character of the process in the eorimn beneath the 
lesion, it being more intense in variola inoculala. 

It is evident that the lymph spaces of the skin are Hooded with virus 
at the time of the inoculation, and this fact may be a factor in the early 
development of the exanthem in the inoculated disease. From the fact 
that eytoryctes are demonstrable in the endothelial cells of the capillaries 
in the curium beneath a primary lesion of live days’ duration, it seems 
probable that at the time of inoculation, cells of this type become 
infected. Such infected cells in the lymph spaces or in the capillaries 
might, easily he swept away in the circulation, and lodging in skin 
capillaries become the focus for an exanthem. 

The absence of focal lesions in the hone marrow and testicles in 
variola inoculala in the monkey emphasizes the difference already men¬ 
tioned between the disease experimentally produced in the monkey and 
variola vera in man. 

CONCLUSIONS. 

(1) Inoculation of tin* skin of the monkey (M. cynomoloyus and JU. 
ncnicatrinus) with variola virus produces a disease in which all the 
essential characteristics arc identical with those of variola inoculala in 
man. 

(2) Variola inoculala in the monkey differs from variola inoculala in 
man in that the fever has a shorten' duration and the exanthem appears 
at an earlier date. 

(,'J) Variola inoculala in the monkey is as distinct a clinical entity 
as is variola inoculala in man. 

(4) CyloryctcH variola! are found in the endothelial cells of the capil¬ 
laries in the corium beneath the primary lesion of variola inoculala. 

2. VAUIOLA INOCULATA IN THK ORANU-LTAN. 

/ ntroduclion. —The experiments here reported were performed to deter¬ 
mine the reaction of the orang-utan to inoculation with variola virus 
and to obtain material for the microscopic study of the specific lesions 
and of the morphology of the causitive organism in this species of animal. 
Four orang-utans were procured for this work, but unfortunately only 
two of them survived Jong enough for the experiments to he carried out. 
These experiments are the first in which anthropoid apes have been used 
as the experimental animal in a study of small pox. The systematic 
position of the orang-utan in the animal kingdom makes it. of peculiar 

•Mttgrttth and llrindvorhoff: Jour. Med. Research, 11, 230. 
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value in the comparative study of such a disease, it being susceptible both 
to diseases peculiar to animals (haemorrhagic septicaemia) and to those 
common to man and to animals (amoebic dysentery). This makes the 
animal an ideal one for bridging the gap between the monkey and man 
in the study of the reactions of various mammalian hosts to a given 
disease-produeing parasite. We regret that owing to the difficulty of 
acclimating these animals our data are not ns abundant as might be 
desired. 

Technique .—Two young female orang-utans were inoculated on the 
skin of the abdomen with variola virus in the same way as were the 
monkeys in the work the details of which have already been described. 
The animals were observed daily and the evolution of the lesion at the 
site of the inoculation and the constitutional reaction was recorded. 
Material for the histological examination of the specific lesions was 
collected. The details of the experiments are as follows: 

No. 107. Young female* orang utan. Tile animal was first exposed to small¬ 
pox fomites. The results of this experiment will he considered in another article. 

Twenty-one days after the exposure, the animal was inoculated in 12 places on 
the abdomen with virus No. 252. Forty-eight hours after inoculation there 
was slight elevation about, the scratches. The deep pigmentation of the skin 
made it impossible to tell whether or not hypeneniia was present. 

Five days. Along each line of inoculation there was a narrow, yellow crust 
seated upon a vague elevation. On gentle pressure turbid fluid exuded from 
beneath the crust. A small amount of this fluid was used to inoculate a Philippine 
monkey on the skin of the abdomen. This animal developed a typical pock at the 
site of inoculation and subsequently a profuse general exanthem. 

Six days. The primary lesions were somewhat more prominent and the whole 
of the area beneath them was indurated. Axillary lymph nodes enlarged, lirm 
and tender. 

Seven days. The animal had scratched the lesions and they presented shallow 
ulcerations with lagged and often bleeding edges. The subcutaneous a*dema had 
increased in extent, causing a brawny induration over the whole held of iuoculatinn. 
The animal died during the night of an intercurrent infection. 

No. 108. Young female orang-utan. Inoculated in 12 places on the skin of the 
abdomen with virus No. 199. After 24 hours slight elevation was apparent along 
the lines of inoculation. Body temperature 39°.1 C. 

Four days. A narrow crust marked the scratch and was lxmlered by a distinct 
elevation. No change of color could be distinguished on account of the deep 
pigmentation of the skin. Body temperature 35°.9 0. 

Five days. The elevation of the lesions had increased and they had become 
circumscribed. Body temperature (\ 

Six days. The zone of elevation was distinctly vesicular near the crust and 
clear scrum oozed out on gentle pressure. Body temperature 30° (\ 

Seven days. Lesions had increased somewhat in extent and the crust had spread. 
Body temperature 35°.7 C. 

Fight days. Animal found dead in cage early in the morning. Rigor mortis 
present., Isxly still warm. Autopsy at once. Skin. The inoculation sites present 
crusts, about which is a shallow cavity filled with turbid fluid. This vesicle 
appears to lie between the true skin and the epidermis. The border of the lesion 
shows some thickening of the skin, hut this is not nearly so marked as at a corre- 
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a ponding period in the primary lesion of variola inocnlata in the monkey. No 
evidence of a general exantliem is present. Axillary lymph nodes enlarged, measur¬ 
ing 1 to 1.5 centimeters in diameter, deep-red in color, and on section rather dry. 
Peritoneal cavity contains one liter of clear, straw-colored fluid. Surfaces of 
normal color ami texture. Pleural and pericardial cavities normal. Heart. - 
Valves uml cavities normal; myocardium red hr own in eolor and of firm con¬ 
sistency. fdUntjH. —Normal. Spleen. Capsule smooth, purple, on section pulp 
rather dry, color deep red-brown. Malpighian bodies and trabecula* not prom¬ 
inent. Liver .—General surface smooth and yellow-brown in eolor. On section, 
markings distinct and consistency normal. Pancreas. ---Normal. UaMroenteria 
tract .—Stomach normal. The mucosa of the ciccum and of the colon presents 
numerous punctate hemorrhages. Kidneys .—Capsule strips readily from ft 
smooth yellow-brown surface. On section general color opaque yellowish brown 
with irregular areas of injection in the cortex. Glomeruli visible as bright, red 
points. Genital organs and bladder normal. Hone marrow of femur deep red, 
homogeneous, and of firm consistency, lira in and meninges normal. Smears from 
the heart’s blood show immense numbers of small, short, bacilli, which take a 
polar stain with Loelller’s methylene blue. 

line tvriotoyi eat examination. Cultures from the heart’s blood, the liver, and 
the spleen yield an organism which was identified by Dr. \V. B. Wherry, bac¬ 
teriologist of the Biological Laboratory, Bureau of Science, as belonging to the 
group of organisms causing hemorrhagic scpticamiia in animals. 

Histoloyieal examination. Primary lesion. Six days. The point of inoculation 
is marked by a complete destruction of tin* epithelium. The material present here 
consists of a lamella of eornilied epithelium which fuses with a more or less homo¬ 
geneous crust in which cell elements can occasionally be recognized. The upper 
layers of the corium at this place are more or less extensively necrosed, the connec¬ 
tive-tissue fibers are swollen tyid fused with one another mid with the crust. Cell 
detritus is seattered through this tissue. A fibrin network lies in the laeume of the 
corium in this region. On either side of the line of inoculation, immediately ad join¬ 
ing the crust, the cells of tin* rete are recognizable but are very much degenerated. 
Between these degenerated cells and the eornilied layer are finely granular areas 
of the size of epithelial cells, each outlined by a membrane, but not containing 
recognizable cell structure. Polymorphonuclear leucocytes are present in this 
tissue, their nuclei often fragmented or show other signs of degeneration. As we 
pass outward from the line of inoculation the degenerated rete splits horizontally, 
one layer more or less imperfect following along the surface of the corium, while 
the other, still merging superficially with the degenerated strata above, curves up 
to form an almost complete ha nil across tin? vesicle. Between 1 his superficial 
layer of the rete and the corium is a lenticular cavity filled with a fine, granular 
material and containing a fibrin network. At the outer limits of the vesicle the 
eornilied layer sweeps downward to merge with the thickened epidermis which 
marks the outer limits of the lesion. The layer of rete which forms the Hour of 
the vesicle likewise runs into this thickened region. Beyond the main vesicle 
small cavities are to he seen in the middle layers of the epidermis. Nome of 
these are evidently formed by hydropic degeneration of the cells, the cell mem¬ 
bra lies persisting as partitions across the cavity. In others these partitions have 
disappeared and the process seem* in part due to an accumulation of fluid within 
and between these cell cavities. On the other side of the line of inoculation 
vesicle formation is evident for a considerable distance. Here, however, the rete 
remains intact and the collection of lluid is between and within the cells of the 
stratum yranulosum and stratum spinosum. In places this vesicle is traversed by 
more or less vertical partitions composed of compressed epithelial cells. 
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Tho miction of the corium is evidenced by some infiltration, with polymorpho¬ 
nuclear leucocytes and a certain degree of swelling of the endothelial cells lining 
the blood vessels and lymphatics of the corium adjacent to the site of the in¬ 
oculation. Immediately beneath the lesion endothelial cells of lymphatics and 
of capillaries were found which contained in their protoplasm cytoplasmic phases 
of (-ytorifctcs variola'. 

The epithelial cells of the lesions contain many stages of the parasite. Both 
the cytoplasmic and the nuclear phases were well represented. 

Seven and eight days. Lesions of these durations showed the same charac¬ 
teristic* as did that described above. The vesicle becomes more extensive and the 
necrotic area beneath the crust larger. The coalescence of the lateral vesicles 
often left single cells or islands of cells in a fair state of preservation, which were 
to he found in various stages of agglomeration on the way to the formation of 
trabecula*, or partitions in the large vesicle. 

Viscera. Histological study of the internal organs did not reveal any lesions 
of a variolous nature. All through the organs, wherever blood vessels were cut, 
short lmcilli having the morphology and staining peculiarities of the bacillus of 
hemorrhagic septica*mia were readily demonstrable. 

SUMMAUY. 

Tho evolution of the primary lesion at the site of inoculation with 
variola virus in the orang-utan is similar to that which follows the 
inoculation in the monkey ami in man. The thickness and the deep 
pigmentation of the skin of this animal rendered the appearance less 
characteristic to the naked eye than in Mamc.us vynomologus. Tho death 
of the animals, of intercurrent disease, before a general oxanthem might 
be expected to develop, deprived us of data upon this point. Both 
animals showed a marked constitutional reaction, but this, because of the 
existence of an intereurrent disease, can not be interpreted as resulting 
from the smallpox process. 

The histological study of the primary lesions and of the viscera of 
the orang-utan inoculated with variola virus show’s the process to be 
essentially similar to that which follows inoculation of the monkey with 
the same virus. There seems to he some difference in the degree of 
reaction in the corium beneath the primary lesion, it being notably less 
in the orang-utan. The histogenesis of the eutaneous vesicle is similar 
and we note the absence, as in the monkey, of focal lesions in the bone 
marrow'. The most striking thing about the primary lesions seems to 
he their richness in nuclear forms of cytoryctes. This matter w'ill be 
taken up in detail in another paper and so will not hen? he further 
commented upon. 

CONCLUSIONS. 

(1) The orang-utan is susceptible to variola inocufata . 

(*>) The evolution of the specific lesion at the site of inoculation is 
comparable with that which follows similar inoculations in the monkey 
( M . cynomologas and M. nemextrinus ). 

(;J) The primary lesions of variola inoculata in the orang-utan stand 
closer to the cutaneous lesions of variola vera in man than do the primary 
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cutaneous lesions of variola inoculata in the monkey in respect to richness 
in forms of Cytoryctes variola and particularly in the number of nuclear 
forms present. 

3. VARIOLOUS KERATITIS IX MAC ACTS CYNOMOLOQUS. 

Introduction. —Tn this section will be considered the results of a series 
of inoculations of the cornea of the Philippine monkey with variola virus. 
These experiments were undertaken to determine what variations in the 
type of disease might result from a change in the locus of inoculation; 
they also yielded material for the histological examination of the specific 
lesion in tissue which is ideal for the study of cell changes owing to per¬ 
fect preservation and the relative simplicity of the tissue elements. 

Technique. —The methods of inoculation ami of observation were the 
same as those described in the section upon vaccinal keratitis in the 
monkey. 

Details of experiments. —Eighteen animals were*, employed in this 
series, of which the following experiments are selected to be given in 
detail: 

No. 223. Monkey inoculated on both corneas with virus No. 200. After 48 hours 
slight unevenness was apparent, along the line of inoculation. After 00 hours 
a minute defect ill the eorneal epithelium was present in the inoeuluted area. 
Chloroformed after 8 days. The cornea presents a small defect in the epithe¬ 
lium with very slight, unevenness about it. No photophobia was observed. There 
was no general exanthein. 

Histological examination showed proliferation of the epithelium about the inoc¬ 
ulated wound and the presence of eytoryetes. 

No. 224. Monkey was inoculated on the cornea with virus No. 200. After 48 
hours the cornea was slightly uneven along the line of inoculation. Photophobia 
and haziness of the cornea was observed after 90 hours, ('onjunctivitis was not 
present. On the sixth day of the disease a general exanthein consisting of 5 
small vesicles whs observed on the face and extremities. On the next day 5 new 
vesicles appeared. The animal was eholoroformed on the seventh day. At 
autopsy no evidence of an initial lesion other than that on the cornea was 
demonstrable. 

Histological examination. At the site of inoculation enormous numbers of 
eytoryetes were present in the epithelial cells. NY* leucocytes were found ill the 
lesion or in the corneal substance about it. 

SUMMARY. 

The inoculation of the cornea with vesicle contents was followed by 
the development, of a Lesion which had much in common with that which 
follows a similar inoculation on the rabbit. The following summary of 
the macroscopic appearances is based upon the observation ol 18 experi¬ 
ments similar to those given above. 

After 21 hours there is some roughening of the surface along the line 
of inoculation. After 18 hours there follows more or less loss of sub¬ 
stance at the site of the inoculation incision. This loss of substance is 
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not so gmit as in vaccination of the cornea. When pyogenic infection 
does not complicate the process there is no opacity of the cornea or con¬ 
junctivitis, and the lesions heal after a variable period. In 2 animals, 
which were allowed to survive long enough for the eruption to appear, an 
exanthem was seen on the sixth and seventh days of the disease. The 
evolution and extent of the exanthem was like that following the skin 
inoculation. Another animal, kept under observation for a long period, 
did not develop an exanthem. 

Histological examination shows that the process at the site of inocula¬ 
tion with variola virus on the cornea of the monkey consists primarily 
in degeneration and in proliferation of the epithelial cells. Seventy- 
two hours after the inoculation when the process is at its height the 
line of inoculation is marked by a defect in the epithelium, below which 
then* may he a slight destruction of the corneal substance. The epithelial 
cells about this defect may he swollen and separated one from another, 
and show various degrees of degeneration. As we pass from the center 
of the lesion toward the periphery we find the epithelium much thick¬ 
ened. This increase in the thickness is in part due to swelling of the 
individual cells, shown particularly by those of the lower layer, which 
appear pale and assume a euboidal or cylindrical form, and in part 
to an increase in the number of cells. At the point of greatest thickening 
the epithelium may measure twiee its normal depth. In lesions of 
greater duration the degeneration of the individual cells and collection 
of fluid between the cells may occasionally result in the formation of 
minute cavities in the thickened epithelium, which are analogous to the 
vesicle of the specific skin lesion. 

Polynuclear leucocytes do not form a prominent feature of the corneal 
lesions. In many sections a prolonged search is necessary to find a single 
cell of this type. When the inoculation wound penetrates the corneal 
substance polynuclear leucocytes arc more numerous. The paucity of 
these cells iu the lesion is in strong contrast with the condition in the 
cutaneous smallpox lesions in the monkey. 

Cj/fnryctes vnriohv were present in all the lesions examined. Their 
morphology and staining reactions were identical with those found in 
the skin lesions. No nuclear phases were present. The parasites were 
found as early as 18 hours after the inoculation and persisted through 
the eleventh day, that date being the last on which a microscopic 
examination was made. 

mscrssjoN. 

When we compare the lesion produced on the cornea of the monkey 
by inoculation with variola virus with vaccinial keratitis in the same 
animal we see at once that wo have to do with a similar process. The 
only striking difference which these two lesions present is that in the 
variolous keratitis there is less exudation and the epithelium of the lesion 
does not become detached and cause a large superficial defect as in the 
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vaecinial lesion. In this respect variolous keratitis in the monkey ap¬ 
proaches more nearly to vaccinial or variolous keratitis in the rabbit 
than does vaccinia! keratitis in the monkey. 

The small part played bv the* polynuclear leucocyte in the variolous 
keratitis contrasts strongly with the prominence of this cell in the 
specific cutaneous lesions of tin* disease in the monkey. It seems probable 
that in the skin inoculation the presence of a large 1 number of these cells 
is conditioned by the destruction of tissue incident to the inoculation and 
that they continue to be attracted, not so much by the variola organism 
or its products as by the presence of substances set free in the process of 
cell destruction incident to the activity of the parasite and the other 
organisms which gain access to the lesion. As all such degeneration 
produets are retained at the site of inoculation by the crust, in the case* 
of a cutaneous lesion, while they readily escape in the* case of the? corneal 
one, it is easy to understand why in the former ease large numbers of 
leucocytes pass from the vessels to the lesion. 

The absence of nuclear phases of cyforyctes variohr in the corneal 
lesion was disappointing. It is possible that then? is some inherent dif¬ 
ference in the cells of the cornea which makes them unsuitable for the 
development of the parasite beyond the cytoplasmic stage, though we 
are inclined to regard the absence of nuclear forms in these lesions as 
being due to the action of physical factors. In a typical corneal lesion 
the cells are probably cast off from the surface before the nuclear forms 
are produced. It is possible that oblique incisions into the corneal sub¬ 
stance, in which islands of epithelial cells would be retained, might show 
a development of the? nuclear forms of the parasite. 

In a previous send ion we have shown that t he endothelial cells of 
capillaries beneath the primary skin lesions of rnriola inuculata are 
invaded by evtorvetes. From this we have been led to believe that some 
such process is involved in the dissemination of the organisms to form 
the exanthem. From the considerations of the time elements it seems 
probable that such infected endothelial cells are set free at an earlier 
stage in the disease than the demonstration of the infected endothelial 
cells beneath the primary lesion. The fact that an exanthem follows the 
development of a lesion in the nonvascular cornea, where extension of 
the process to blood vessels does not occur, suggests that the distribution 
of the organism, if brought about through the intermediation of endo¬ 
thelial cells, is due to an infection of the cells which line lymph channels. 

CONCLUSIONS. 

(1) Inoculation of the cornea of the monkey (.V. cynomologus) with 
variola virus produces a specific lesion characterized by swelling, prolif¬ 
eration, and varying degrees of degeneration of the epithelial cells. 

(2) The lesion is similar lo that produced by inoculation of the cornea 
of the rabbit with vaccine or with variola virus. 
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(3) The lesion results in less destruction of the corneal epithelium 
than follows similar inoculations of the cornea of the monkey with vac¬ 
cine virus. 

(4) The lesion on the cornea dilTers from the variolous lesion on the 
skin of the monkey in that, exudation does not play as prominent a part 
and that true vesicle formation does not occur. 

(5) Cytoryctes variolai are present in the lesion up to 11 days after 
the inoculation, hut nuclear forms of the parasite are not found. 

(f>) A variolous lesion on the cornea of the monkey may be followed by 
a general exantheni which appears on the same day as after skin inocula¬ 
tion. We therefore identify the disease produced in the monkey by 
variolation on the cornea as variola inocvlata . 

4. VARIOLA INOCULATA FOLLOWING INOCULATION OF T1 IK MUCOUS MEM¬ 
BRANE OF THE MONKEY. 

tniroihictum .—In the preceding sections of this paper we have detailed 
the results which follow the inoculation of the skin and the cornea of 
the monkey with variola virus. We will present here a series of experi¬ 
ments which show the results of inoculation of that animal upon the 
mucous membrane of the nose, the lip, and the palate. The experiments 
also yielded material for the study of the variola organism and the 
histology of the specific lesion on the mucous membrane. 

Technique .—The method of inoculation and of observation was the 
same as that followed in the series of inoculations of the mucous mem¬ 
branes of the monkey with vaccine virus. 

Clinical course of the disease. —Twenty-nine animals were used in this 
scries of inoculations, of which the following are selected to he described 
in detail: 

No. 125. Adult male, Macncus cynomoloyus. Inoculated on the left side of the 
nasal septum, on the inner side of the lower lip, and on the left palate with variola 
virus No. 1G7 (vesicle contents). Body temperature 40 w O. 

Twenty-four hours after inoculation a slight elevation is noted on the nasal 
septum. The lip and palate are negative. Body temperature 38°.8 O. 

Forty-eight hours. On the lip a narrow white line surrounded by hyperaunic 
mucous membrane marks the site of inoculation. Nose and palate negative. 
Body temperature 40° O. 

Three days. The nose shows considerable swelling of the septum, but no dis¬ 
tinct lesion can Ik* distinguished. The lip presents a white area, l X 3 milli¬ 
meters, which is slightly elevated and 1ms a translucent appearance. The palate 
shows u small, gray spot on the line of inoculation. Body temperature 40° C. 

Four days. Nose negative. The lip shows n white, opaque area 1X3 mil¬ 
limeters, with a ragged elevated edge, about which the mucosa is distinctly red¬ 
dened. The palate presents a white, slightly elevated area, 2X4 millimeters, 
the surface of which is unbroken. Body temperature 40° O. 

Five days. Nose negative. The lip shows an opaque, white area, covered in 
part by the remains of the macerated epithelium, and surrounded by a dull pink 
elevated border. The palate presents an elevated area 2X4 millimeters in extent 
and of a gray-wliite color. About this are smaller similar spots. Body tem¬ 
perature 39°.5 C. 
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Six days. The nose presents an opaque area on the septum surrounded by a 
bright red areola. The lip is much swollen and the lesion shows an area of 
erosion surrounded by a ragged edge of elevated and hypeneinic mucous membrane. 
The lesions on the palate have increased somewhat in size and show a distinct red 
areola. Body temperature 40°.2 C. 

Seven days. Considerable mucopurulent discharge from the nostril; swelling 
of the mucous membrane prevents inspection. Lesion on lip as before. The 
palate shows some increase in the size of the lesion. Body temperature 40° C. 

Eight days. The swelling of the mucous membrane in the nose continues. 
On the lip the lesion presents as an ulceration with marked inflammatory reaction 
about it. On the palate tile lesion shows no erosion and bus ceased to spread. 
Body temperature 40°.4 C. 

Nino days. Lesions as described yesterday. A general exanthem was carefully 
searched for but not found. Animal killed and autopsy done at once. No macro¬ 
scopic evidence of disease except at the sites of inoculation. 

No. 12(1. Half-grown male, .1 farums njnomoloyus. Inoculated in the same way 
and with the same virus ns flu* preceding animal. Body temperature 39° C. 

After 24 hours the nose shows a delicate crust on a slightly elevated area of 
mucous membrane. On tin* lip a small lacerated wound marks the point, of 
inoculation. The* palate presents sonic reddening of the mucosa about the 
scratch. Body tern|M*ratore 38°. (’. 

Forty-eight hours. Lesions as above described. Body temperature 39* C. 

Three days. In the nose the elevation about the crust has increased, 'l’lie lip 
shows an elevated, opaque, white area, 3 X 4 millimeters, surrounded by a ditTu.se 
red flush. On the palate is a slightly elevated grayish area, 2X4 millimeters 
in extent, surrounded by hypenvmic mucosa. Body temperature 40°.4 (\ 

Four days. Nose as before, save that, the elevation lias taken on a gray tint. 
The lip presents a macerated appearance over the area occupied by the lesion. 
The lesion on the palate has inereasd in size. Body temperature 40°.5 (’. 

Five days. On the palate the lesion is eroded, otherwise there is no change. 
Body temperature 39°.5 O. 

!Six days. The nose presents a narrow crust on a pink elevation. The lesion 
on the lip shows signs of healing. Palate as before. The top of the tongue 
near its tip presents a gray elevated area, 2 millimeters across, surrounded by a 
pink areola. Lesions show no change since yesterday. Animal killed and 
autopsy at once made. Viscera show no macroscopic lesions. A single small 
vesicle outside the left eye is shown to be specific by microscopic examination. 
No other exanthem found. 

No. 127. Young female, Macacus riftwmolntjus. Inoculated in the same way and 
with the same virus as the preceding monkeys. Body temperature 39 y .2 C. 

'Twenty-four hours after. Slight elevation and reddening at the points of in¬ 
oculation. Body temperature 38° C. 

Forty-eight hours. In the nose there is reddening of the mucosa on the 
septum. On the lip a yellow line surrounded by slightly elevated and pink 
mucosa marks the site of inoc ulation. Palate negative. Body temperature 39" (\ 

Three days. Nose negative. Lip shows a gray line on a white elevated area 
2.5 X 5 millimeters, the edge of which is translucent. Palate presents a grayish- 
white liue 3 millimeters long. Body temperature 39°.5 0. 

Four days. Nose* negative, flic lip shows a grav-wliite area, 2 X 5 milli¬ 
meters, with a pink edge* and a granular surface. Palate as before. Body tem¬ 
perature 39°.5 C. 

Five days. Nose negative. 'The lip is swollen and presents an erosion with 
a yellow surface and a thickened, pink edge 2X4 millimeters in extent. Palate 



presents an eroded ami 2 X 5 millimeters, with a slightly depressed gray base 
and an elevated margin which is surrounded by reddened mucosa. Body tem¬ 
perature 38°.5 CJ. 

Six days. Lesions as before but somewhat increased in size. Body tempera¬ 
ture 39° j» ('. 

Seven days. Nose presents a narrow crust about the orifice of the left nostril. 
The lip shows a large erosion 1 centimeter across, the base of which is covered 
by yellow, macerated material and is surrounded by an elevated, ragged, pink 
border. Lesion on palate has increased in size., Body temperature 38°.8 (\ 

Light days. Nose shows an eroded area extending from the septum out upon 
the surrounding skin. Lesion on lip as before. Palate presents a long, narrow 
ulceration *2X8 millimeters in extent, with a white, elevated edge, and surrounded 
by a red areola. One small, pink, papular elevation on the inner side of each 
thigh and on right arm. Histological examination shows this lesion to Ik* 
variolous. Body temperature 38°.."> (’. 

Animal killed; at autopsy organs appear normal. 

No. 1*28. Full grown female. Macavus cynomologua. Inoculated in the same way 
and with the same virus as the preceding monkeys. Body temperature 30° (•. 

After 24 hours there is slight reddening of the mucosa about the scratches. 
Body temperature 38°.*2 <•. 

Forty-eight hours, lesions as before. Body temperature 38°.2 C. 

Three days, 'l'lie lip is swollen and presents a white area, 1 by 3 millimeters, 
slightly elevated and surrounded by a pink areola. Palate presents 2 yellow ele¬ 
vations 2 by 4 millimeters in extent with a red periphery. Body temperature 
39°.5 C. 

Four days. Lesion on lip is excoriated. Palate as Indore, but lesion has 
spread somewhat. Body temperature 39° <\ 

Five days. Lip shows an eroded area with u gray base and a white, elevated 
edge, surrounded hv reddened mucous membrane. The whole lower lip distinctly 
swollen ami indurated. Palate as before. Body temperature 38°.2 l 1 . 

Six days. Swelling of tin* lip more marked. The base of the lesion is yellow 
and the edge ragged. A minute, pink papular elevation appears on the gum op¬ 
posite the lesion. Probably an auto-inoculation. Palate as before. Body tem¬ 
perature 39° C. 

Seven days. Lesions as dcscrilicd but somewhat increased in extent. Body 
temperature 38°.5 (!. 

Light days. From this time on the primary lesions healed without complica¬ 
tion. A general exanthem was not found either before or after this date. Body 
temperature 37°.5 C. 

Xo. 129. Full grown male, Macacua cynomologua. Inoculated in the same way 
and with the same virus as the preceding animals. Body temperature 38°.5 C. 

Twenty-four hours after inoculation the lip and palate show a white line sur¬ 
rounded by hyperaemic mucosa. Xose negative. Body temperature 39®.8 C. 

Forty-eight hours. Lip and palate show irregular elevation with opacity and 
and a peripheral flush at the site of inoculation. Xose negative. Body temper¬ 
ature 38°.2 C. 

Three days. Lip presents a yellow, eroded area, 2 by 5 millimeters, surrounded 
by a pink areola. Palate shows an opaque, white area, 2 by 5 millimeters, sur¬ 
rounded by reddened mucosa. Body temperature 39° C. 

Five days. Lesions on lip and palate somewhat increased in extent. The inoc¬ 
ulation in the nose evidently did not take. Body temperature 39°.4 (\ Animal 
killed and autopsied at once. Viscera, present no macroscopic lesion*. 
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A series of 10 monkeys were inoculated on the palate alone and a series of 0 
upon the nasal mucosa alone. The results of the inoculations were similar to 
the experiments detailed above. 


SUMMAKY. 

The lesion which develops on the inner side of the lip of the monkey 
following inoculation with vesicle contents presents the following inacro- 
scopic characters. 

After 24 hours the site of inoculation shows, at most, a slight redden¬ 
ing of the mucous membrane about the scratch. 

After 2 days a narrow, white line is seen, which is surrounded by a 
faint, red flush. 

After A days there is a definite, opaque, white, area, 2 or more milli¬ 
meters in extent, slightly elevated alum* the general surface. This area 
is more or less eroded and is surrounded by a distinct zone of hvpenemie 
mucous membrane. 

After 4 days the opaque area is somewhat- eroded and presents a 
shallow ulcer with an elevated, white, often sinous, edge, which is 
bordered externally bv reddened mucosa. 

From this time on the lesion presents the same characteristics, the only 
change being due to a gradual extension of the process. After 8 or 9 
days the peripheral flush fades and healing begins. This process results 
in complete repair after about a week. 

Inoculation of the palate causes a lesion similar to that following 
inoculation of the lip, and the lesion runs essentially the same course. 
In this situation the lesion is less apt to become eroded. 

After inoculation of the mucous membrane of the nose it is difficult 
to follow the process from day to day, as at the time when the lesion is 
undergoing its active evolution the swelling of the mucous membrane 
which accompanies the process prevents inspection during life. From 
study of the site of inoculation in animals killed at various periods it is 
seen that the evolution of the lesion in the nose differs principally from 
those on the lip and palate in tliat there is less tendency to form an ulcer. 
When the inoculation is near the anterior mires the process tends to 
spread out on the skin about tin? nostril and then takes on the character¬ 
istics of a skin inoculation. 

No notable const it utional reaction followed the inoculation of the 
mucous membrane. The temperature reaction was indefinite. A gen¬ 
eral exanthem was observed in 2 of the monkeys. 

Histology of the primary lesion. —Lip: Sections from lesions collected 
25 and 5:1 hours after inoculation show no evidence of a specific process. 
The defect in the epithelium caused by the inoculation has completely 
been repaired, and the only evidence of the wound is a small collection 
of fibrin and polynuclear leucocytes just beneath the epithelium. 

31)714-7 
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Three days after inoculation the lesion shows specific characters and 
wo find an area in which the epithelium presents a pathological change, 
and beneath this the tissue is infiltrated with polynuclear leucocytes. 
The changes in the epithelium consist in degeneration and disintegration 
of the epithelial cells, together with more or less accumulation of fluid 
in and between the colls. This accumulation of fluid occurs not only in 
the degenerating portion of the epithelium but also at the sides of the 
lesion. This process is similar to that seen in a skin inoculation of the 
same duration. 

The degeneration of the epithelium is not uniform, and we find islands 
of comparatively normal cells in the midst of areas where the affinity of 
the nuclei of the epithelial cell for basic stains is lost. Polynuclear leuco¬ 
cytes are present in large numbers. The epithelium at the edge of the 
lesion is somewhat thickened, apparently as a result of the swelling of 
individual cells. 

After 4 days the lesion shows the same characteristics, save that there 
is considerable loss of substance in the area of degenerated epithelium 
and the lesion is more extensive. At this time the reaction in the tissue 
beneath the lesion is well marked and proliferation and enlargement of 
the endothelial cells of the lymphatics and blood vessels is apparent. 
Many elements of the lymphoid and plasma cell series are present about, 
the vessels beneath the lesion. 

Five and G days after inoculation the lesions are similar in character 
to those just described, but the necrotic area becomes sharply limited and 
the inflammatory reaction beneath is more intense. 

Lesions of 7 days’ duration show evidence of beginning repair. The 
epithelium at the edge of the lesion is normal and the lesions consist of 
a sharply circumscribed ulceration, in the depths of which repair is active. 
Later lesions show the epithelium growing inward to close the defect, 
and new formed blood vessels and young connective-tissue colls are 
much in evidence in the tissue beneath. 

In the lesions of 3, 4, 5, G, and 7 days’ duration epithelial cells contain¬ 
ing cytoplasmic phases of Cyloryctcs variolas are of frequent occurrence. 
The earlier forms of the parasite occur at the margin of the lesion, the 
later ones nearer the* center. Nuclear phases of the parasite are also 
found, but they occur later than the cytoplasmic phases. 

Nose .—-The primary lesions in the nose vary in character according to 
the locus of inoculation. When the incision is near the orifice of the? 
nostril, on a stratified epithelium, the lesion conforms to the type de¬ 
scribed on the lip. When the lesion is higher up, upon a columnar 
epithelium, the process in the submucous tissue is most marked. In such 
a situation the bulk of the degenerated epithelial cells seem to be carried 
o!T almost at once, and we find but little thickening of the mucous layer. 
However, the submucous tissue show's accumulations of lymphoid and 
plasma cells, enlargement and proliferation of the endothelial cells of the 
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lymphatics and blood vessels, and a marked polynuclear leucocyte infiltra¬ 
tion. 

Both cytoplasmic and nuclear phases of cytoryctcx variola ? are present 
in the epithelial cells. In one lesion, of 5 days’ duration, an endothelial 
cell was found on the wall of a lymphatic, just beneath the epithelium, 
which contained a cytoplasmic form of the parasite. 

Palate .—The histology of the primary lesion in this situation is similar 
to that seen in the lesion on the lip. A lymphatic with cytoplasmic 
forms of cytoryetes in the endothelial colls lining its wall was found 
beneath a lesion of 5 days’ duration. 

Histological examination of the viscera showed no lesions. The bone 
marrow and testicles were carefully examined for focal lesions, such as 
arc found in these organs in variola ran in man, but none could he 
demonstrated. 

DISCUSSION. 

The disease produced by variolation of the monkey upon the mucous 
membrane of the lip, nose, arid palate is characterized by the development 
of a self-limiting lesion at the site of inoculation, which may be followed 
by a general cutaneous exanthem and be associated with an indefinite 
constitutional reaction. 

If we compare the initial lesion produced on the mucous membrane 
with that which follows a similar inoculation on the skin we see that the 
two processes are similar, in that they run a definite course and tend to 
heal after about the same* interval of time. The microscopic study of 
these lesions shows them to be the result of similar coll changes, and in 
each the parasite, cytonycfex variola *, is found associated with the process. 
The lesions differ in that on the mucous membrane the absence of crust 
prevents the development of a vesicle or pustule, although an accumula¬ 
tion of Hu id between the cells is in evidence at certain stages of the lesion. 
The primary lesion on the mucous membrane, of *1 or f> days’ duration, 
simulates closely a skin lesion of the same duration which has lost its 
crust through rough manipulation. The primary lesion on the mucous 
membrane also differs from that upon the skin in that the process in 
the tissue beneath the lesion is more exudative and proliferative than 
necrotic. 

When we compare the other manifestations of the disease following 
variolation of the mucous membrane with that following skin inoculation 
a decided difference is found. We see that a general exanthem is much 
less apt to follow the inoculation of the mucous membrane. Of 19 
animals inoculated in the nose, on the lip, or on the palate only 2 showed 
n general exanthem. in both these animals the lesions of the eruption 
were few in number and required microscopic study for their positive 
diagnosis. The exanthem occurred in a trifle over 10 per cent of the 
animals. This is in sharp contrast with the occurrence of the exanthem 
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in variola inoculata from skin inoculation, where an eruption develops 
in from 70 to 80 per cent of the animals. 

The constitutional reaction in monkeys variolated upon the mucous 
membrane differs in degree from that in those variolated upon the skin. 
We do not find such an abrupt elevation in the body temperature, and 
malaise and anorexia are absent. Jt seems reasonable to suppose that 
this relatively slight constitutional reaction is conditioned by the physical 
conditions at the locus of inoculation. The initial lesion on the mucous 
membrane is practically an open wound from the beginning, and conse¬ 
quently the products of cell destruction and any toxins produced by the 
specific organism can readily escape. The systemic absorption from 
lesions on the mucous membrane must be quantitatively much less than 
from the lesions upon the skin. 

We are inclined to attribute the infrequency of the exanthem in this 
series of animals to physical conditions at the locus of the primary lesion. 
At the time of inoculation the amount of virus which enters and remains 
in the scratch must be notably less than when the skin is inoculated, 
owing to the fact that, the surface inoculated is bathed with fluids and any 
exudation stream set up by the trauma of the inoculation would be 
assisted by the moist condition of the surface and the action of similar 
opposed surfaces to carry off the bulk of the virus. Tn these inoculations 
there can be no such flooding of the lymphatics about the scratch as must 
occur after similar inoculations of the skin. 

The type of disease produced by variolation upon the mucous mem¬ 
brane conforms in general to that which follows inoculation of the skin. 
The nature of the primary lesion and the time of occurrence of the 
exanthem relate the disease at once to variola inoculata. The absence of 
focal lesions in the bone marrow and testicle differentiate the disease from 
variola vera in man. 

conclusions. 

(1) Inoculation of the mucous membrane of the lip, the nose, or the 
palate of the monkey (M. cynomoloym) with variola virus produces a 
disease which conforms to the type of variola inoculata. 

(2) The primary lesion on the mucous membrane is similar, cyto- 
logically and histologically, to that which follows variolation of the skin. 

(3) Cytoryctcs variola*, in both the protoplasmic and the nuclear 
phases, are present in the lesions. 

(4) Cytoplasmic forms of the parasite are found invading endothelial 
cells of lymphatics beneath the lesions of 5 days’ duration. 

ft. ON THE OCCURRENCE OF VARIOLA VERA IN MONKEYS AND TN THE 

ORANG-UTAN. 

Jn the preceding sections we have shown that the monkey and the 
orang-utan react in a definite manner to inoculation with the virus of 
smallpox. This reaction consists in the development of a disease which 
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conforms closely to that type of smallpox in man which follows delib¬ 
erate inoculation of the skin with variola virus. In short, we can 
produce in the monkey and in the orang-utan the? homolnguc of human 
variola inoculata. A\o have also shown that if the epithelium of the 
cornea or of the mucous membrane of the nasal, buccal, or oral cavity 
be chosen as the locus of inoculation the same type of disease is produced. 
The experiments upon which this section are based were devised in an 
attempt to reproduce in the monkey and in the orang-utan a disease 
having the clinical features of variola rent. We have sought to attain 
this end by changing ihe locus of inoculation and by subjecting the 
animals to conditions in which man contracts the disease. The experi¬ 
ments which we have chosen to give in detail will he grouped according 
to the manner in which we have sought to bring about the infection. 

(a) Inoculation of the tracheal epithelium, through a tracheotomy 
wound, with the contents of the variola, reside .—Tluse experiments were 
performed to determine if the course of the disease would be modified 
by the initial lesion being seated upon the columnar epithelium of the 
trachea. The generally accepted hypothesis of smallpox in man supposes 
a “protopustule” in tin; respiratory tract, and we proposed to deliberately 
produce such a lesion by direct inoculation with variola virus. 

No. 144. Adult nude, M. ei/nunnMoyus. Monkey aiuesthcl ized with chloroform 
and a median incision made in the neck over the upper part of the trachea. 
Trachea, exposed by blunt dissection. Tilts upper ring of the trachea cut., and 
through the opening so made the epithelium on the posterior wall slightly 
scarified and inoculated with variola virus No. 107 (vesicle contents). The 
skin incision closed with silk sutures. After 4 days the operation wound showed 
a marked intlammntory reaction. 

On the ninth day of the experiment (» red, papular, elevations, 2 to 3 milli¬ 
meters in diameter, wen; seen on the scrotum. On the next day papules and 
small vesicles were found on the faee, trunk, and extremities. On the eleventh 
day of the experiment the lesions on the scrotum presented Hat topped, urnbil- 
ieated vesicles with an opaque center and surrounded by a bright red areola. 
The evolution of these, lesions was comparable with that seen in the exunt.hem of 
a case of discrete variola in a in man. A distinct pit remained after the heal¬ 
ing of the lesions. One lesion was found in the palm of the hand. r l he body 
temperature rose to 40° C on the sixth day of the experiment and remained 
elevated until the thirteenth day. 

No. 130. Adult male, .1/. cynumologu*. Inoculated in the same manner as the 
previous animal. A profuse general exanthem appeared on the seventh day of the 
experiment. Animal died on the ninth day. At autopsy extensive cellulitis of 
the neck about the operation wound. Smears from this region show many strep 
tococei. Mucous mnnhnmcs. —Ill check jHMiches about a dozen opaque, elevated, 
sharply circumscribed lesions, 3 to 4 millimeters in diameter and 1 millimeter 
high. One similar lesion on under surface of tongue. Similar though smaller 
lesions are found scattered over the surface of the (esophagus, some of which arc 
eroded. In the trachea at the site of inoculation is a red, slightly elevated area, 
due apparently to thickening of the epithelium. Viscera. So macroscopic* lesions 
found. Skin- .Vesicles and pustules, from 3 to 4 millimeters in diameter, are 
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found scattered over the face, trunk, and extremities. The exanthem consists of 
over 100 lesions. 

Histological examination.—Operation wound: Subcutaneous tissue contains 
much fibrin and finely granular precipitate. There is considerable necrosis of 
the underlying muscle. Polymorphonuclear leucocytes in all stages of degenera¬ 
tion are present in large numbers. Many small blood vessels are thorn bosed, 
and in them and in the surrounding tissue streptococci are demonstrable. The 
epithelium at the edge of the wound is much degenerated, but no evidence of a 
variolous process can be made out. However, cytoryetes were found in the cells 
of the thickened corium. Trachea: The epithelium is wanting in places and in 
other areas it is somewhat thickened. In many places the basement membrane 
is broken. The epithelial cells show various degenerations. In many groups of 
cells cytoplasmic phases of Cytoryetes variola' arc demonstrable. The vessels of 
the submucous tissue are much injected, and in one is a mass of fibrin in which 
are phagocytic cells containing streptococci. The tissue is infiltrated with poly¬ 
nuclear leucocytes. The endothelial cells of a capillary immediately below an 
area in which the epithelium shows cytoryetes are prominent and contain cyto¬ 
plasmic phases of the parasite. Skin: The lesions of the exanthem present the 
characters which before have been described in similar lesions occurring in the 
course of variola inoculata in the monkey. Mucous membrane: The lesions in 
the cheek pouches consist of areas of degenerated epithelium in which groups of 
cells arc stained red, the nuclei having lost their affinity for basic dyes. The 
protoplasm is finely granular, but the cell outlines are retained. Other cells 
are present whose staining properties are unimpaired, and in these are found 
various cytoplasmic phases of Cytoryetes variola\ In the upper layers of the 
degenerated epithelium, particularly toward the edge of the lesion, the cells 
are separated by fluid. In some places the appearance is similar to that seen 
near the edge of a 4-day primary lesion in the skin. Polynuclear leucocytes arc 
present in the epithelium and in the tissue beneath, although in the latter situa¬ 
tion the reaction is much less intense than it is beneath a primary lesion of the 
mucous membrane. (Esophagus :—Small areas are present, in which the epithe¬ 
lial cells are swollen and their nuclei shrunken. Kvidence can be made out of 
accumulation of fluid in and between the cells. Cytoplasmic forms of Cytoryetes 
variohr are present in many of the cells. Comparatively few polynuclear leu¬ 
cocytes are present in the lesion, and there is practically no reaction in the tissue 
beneath. Seminal vesicles: Focal lesions are present in the septa of the tubules. 
The lesions consist of collections of degenerated cells and fibrin which lie in the 
connective tissue stalks of the septa. Associated with this there is more or less 
degeneration of the adjacent epithelial cells. A few polynuclear leucocytes are 
present. Many of the epithelial cells contain cytoplasmic phases of Cytoryetes 
variohr. Testicle: Normal. Hone marrow: No focal lesions are demonstrable. 
The lung, liver, spleen, and kidney show no lesions. 

Summary .—From observation of the trachea in animals killed ai 
various times after the inoculation it was seen that a distinct process 
occurs at the site of inoculation. Our data on this point seems to us 
insufficient to form the basis of a description of the stages in the evolu¬ 
tion of the specific lesion in this situation. 

A general exanthem was observed in 3 of the 4 monkeys of this stories. 
The single animal which did not show an eruption died on the eighth 
day of the experiment. The exanthem appeared on the seventh day in 
1 animal, on the ninth day in the other 2. The exanthem was very 
extensive and in the 2 animals in which it appeared on the ninth day 
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of the disease it passed through an evolution similar to that of the 
eruption of variola vera in man. 

The constitutional reaction was very marked, the animals showing 
anorexia and weakness during the active stage of the disease. This 
marked constitutional reaction may be, in part, explained by the intensity 
of the pyogenic process in the operation wound. The temperature re¬ 
action was similar to that seen after skin inoculation, showing a marked 
rise on the sixth or seventh day. 

The histological examination demonstrates that the lesion at the site 
of inoculation and the lesion of the exantliem on the skin and the mucous 
membranes was variolas in type. In .1 animal focal lesions were demon¬ 
strated in the seminal vesicles and they were shown to he specific. 

The method of inoculation used in this scries of experiments was 
abandoned, as it was impossible to exclude a variolous infection of the 
operation wound. Obviously if this were to take place the experiments 
would be merely repetitions of the skin inoculation complicated by a 
.coincident infection of the trachea. 

(h) Inoculation of the epithelium of the trachea, without tracheotomy, 
with the contents of the variola reside.- These experiments were devised 
to overcome the difliculty experienced in the previous series resulting 
from infection of the tracheotomy wound. This series consists of exper¬ 
iments on 10 monkeys (M. eynumoluyus) , of which 1 will he described in 
detail. Six animals were killed at various times after the inoculation to 
obtain material for histological study. 

No. 33!). Adult male, .1/. cynomolnyus. Monkey anesthetized with chloroform 
and n large glnss lulu?, having n tire burnished end, introduced into the larynx 
through the mouth, lly way of this tube instruments were introduced to scratch 
the wall of the trachea and to inoculate it with the virus. Variola virus No. 328 
was employed. 

On the seventh day of the disease the body temperature* rose to 41 11 0., mid a 
pink, paular elevation 1 millimeter in diameter appeared on the scrotum. On the 
next day small vesicles, surrounded by a bright-red areola, were present upon the 
face, scrotum, hands, and feet. On the following day, the ninth of the experiment, 
new eruptive lesions were found on the face, the scrotum, and the palms and soles. 
Animal chloroformed and nutopsied at once. Skin lesions as described above. 
The mucous membrane of the trachea is congested throughout and presents several 
opaque spots on which are minute granular elevations. The trachea and large 
bronchi contain much slimy mucus. The left lung presents an area of consolida¬ 
tion. 5 millimeters in diameter, about the primary bronchus. Oil section, this 
area is reddish-brown in color and finely granular. Other organs appear normal. 

Histological examination .—-The microscopic study of the organs from these 
monkeys yielded data upon the variolous lesion in situations not previously de¬ 
scribed. The following descriptions are selected as types of the lesions found: 

No. 345. Trachea .—Lesion of 3 days’ duration. The basement membrane is 
intact. There is no reaction in the submucous tissue. The epithelial cells in a 
small area* which can he included in a single field of the oil immersion lens, con¬ 
tain various stages of the cytoplasmie forms of Cy target vs variola\ Aside from 
the vacuole about the parasite these cells appear normal. 
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No. 348. Trachea. —Lesion of 0 days’ duration. The epithelium is thickened in 
places and frequently tongue-like projections, composed of epithelial cells, pro¬ 
ject into the lumen. There is wide-spread infection of the epithelial cells with 
cytoplasmic phases of < Cytoryctcs variola\ In places groups of epithelial cells 
have lost their selective staining aflinity and are colored an even red. Occasionally 
there is evidence of the collection of fluid within and between the degenerated 
cells. Polynuclear leucocytes arc numerous and arc found in the epithelium as 
well ns in the submucous tissue. In places there is necrosis and accumulation of 
fibrin in the submucous tissue, such areas occurring beneath breaks in the base¬ 
ment membrane. The endothelial cells of the lymphatics and blood vessels of the 
suhmuensa are prominent and frequently contain cytoplasmic forms of Cytoryctcs 
varioUv. Lung , 0 days after inoculation. The section shows a large bronchus and 
the surrounding lung substance. The epithelium of the bronchus is much thick¬ 
ened at 2 points in its circumference. In these areas the cells are more or less 
swollen and degenerated. The majority of the cells contain cytoplasmie forms of 
Cytoryctcs variola'. Polynuclear leucocytes are present in large numbers in the 
lumen of the bronchus, in the epithelium, and in the peribronchial tissue. The 
air cells for a considerable distance from this bronchus are filled with cells, 
fibrin, and granular precipitate. The relative amount of each of these constit¬ 
uents varies in dilTerent air cells, hut in general the granular precipitate pre- 
dominates in those remote from the bronchus. The cellular elements present are 
in the main polynuclear leucocytes and epithelial cells. The latter are found free 
in the air cells and also attached to the walls. In the latter situation they are 
frequently cuboidal in form and lie one beside another. Mitoses are frequently 
present in these cells, (’ytoplasmie phases of Vyloryctes variola 11 are present in 
large numbers in the epithelial cells of the air spaces. The capillaries ill the 
septa between the afi'ected air cells arc injected with blood, and many polynuclear 
leucocytes are to tie seen in them and migrating through their walls. 

Two other monkeys, killed 7 and !) days after inoculation, showed small areas 
of pneumonia in their lungs. In both cases the process was characterized by pro¬ 
liferation of the epithelial cells lining tli« alveoli. No cytoryctcs were demons¬ 
trable in these lesions. 

The exanthem which occurred in this series of monkeys was examined histo¬ 
logically and found to be similar in all respects to that which developed in the 
other variolated monkeys. 

Summary. Four animals wore allowed to survive long enough to 
show ail exanthem. Six were killed at various times after tin; inoculation 
in order to inspect the initial lesion and to obtain material for histological 
study. Tn each of the former animals an exanthem appeared ; in 1 on 
the eighth day, in 2 on the ninth day, and in 1 on the tenth day. The 
exanthem was of moderate extent and showed an evolution intermediate 
between that in the monkeys inoculated through a tracheotomy wound 
and the average ease of ^variola inoculala following variolation of the skin. 

The constitutional reaction was marked. The temperature? reaction 
was definite, consisting of a distinct rise simultaneously with or im¬ 
mediately before the appearance of the exanthem. 

The histological examination of tissues from these animals shows that 
a lesion similar to that which follows variolation of the mucous mem¬ 
brane of the nose, the lip, and the palate can he produced by inoculation 
of the epithelium of the trachea. Tn one animal a variolous bronchitis 
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and a variolous pneumonia was demonstrable. No focal lesions were 
found iri the bone marrow or testicle. 

A series of five Java monkeys (M. nemistrinus) was inoculated in the 
same manner and with the same virus. The results of these experiments 
were unsatisfactory. No cxanthcm or constitutional reaction was ob¬ 
served and we were unable to demonstrate a specific lesion at the site of 
inoculation. 

(c) Inoculation of the lung by inhalation of a spray of the contents of 
the variola vesicle .—These experiments were performed to approximate 
the conditions under which natural infection with smallpox in man 
might be supposed to occur. Of course, the dose of virus is much larger 
than it possibly could be under natural conditions, but at least this 
method approaches more nearly epidemic conditions in that no deliberate 
trauma to an epithelial surface precedes the distribution or application 
of the contagium. Five animals were employed in this series, of which 
the following is selected to be described in detail: 

No. 207. The monkey’s mouth was held open and a tine spray of vesicle con¬ 
tents (virus No. 191)) was thrown into the throat from an atomizer. Tin* animal 
was observed to breath while the spray was acting. 

No distinct temperature reaction was noted during the 17 days during which 
the animal was kept under observation. No lesion was observed to develop on the 
visible mucous membranes. On the seventh day of the disease a papule appeared 
on the inner aspect of the right arm, at the bend of the elbow. This lesion in¬ 
creased in size, became vesicular, and on the tenth day was distinctly umhilieated. 
The contents of this lesion was used to inoculate a fresh monkey upon the skin 
of the abdomen. A typical primary lesion developed and was followed by a 
profuse general cxanthcni. 

Summary. —One of the animals of this series was killed 5 days after 
inoculation. Inspection of the mucous membrane showed no evidence of 
a specific lesion. Sections from various parte of tin* lungs and the 
trachea were studied microscopic-ally, but no lesions were found. The 
1 animals remaining were under observation for Ifi days. In one of them 
a single eruptive lesion appeared on the seventh day of the experiment. 
This lesion was shown to be specific by inoculation of its contents upon 
the skin of a fresh monkey. 

No constitutional reaction or rise of temperature was observed in this 
series of monkeys. 

((f) Inoculation of the lung by inhalation of dry variola virus. —These 
experiments were devised to determine if variola vera could be produced 
in the monkey bv employing the contagious material in a drv condition. 
Two series of experiments wen.; performed, in one dried pustule contents 
was used and in the other a powder prepared from desiccated crusts or 
disks of a ease of variola vera. 

A preliminary experiment was performed to determine bow lar a 
powder blown into the larynx would enter the lung. A large monkey 
was anesthetized with chloroform and a glass tube containing a mixture 
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of lycopodium and methylene blue powder was introduced into the 
larynx. During an inspiration the powder was forcibly blown into the 
lungs. The animal was killed at once and, on dissection, the smallest 
bronchi which could be made out with the naked eye were found to be 
stained distinctly blue. Histological examination of the lung showed 
lycopodium spores in the bronchi and the alveoli. 

No. 1«0. A monkey was put under clilorofonn anesthesia and the same pro¬ 
cedure was followed as above described, except that dry pustule contents was 
substituted for the methylene blue. The animal was kept under observation for 
sixteen days. The monkey had a cough from the fifth to the eighth day after the 
inoculation. On the eighth day of the experiment the body temperature rose to 
40°.5 C., and an abundant general exanthem appeared. The lesions of the erup¬ 
tion passed through an evolution which closely simulated that seen in the lesions 
of a discrete variola vera in man. On the sixteenth day of the experiment the 
animal was vaccinated on the abdomen with virus No. 1. No reaction followed. 

Two other monkeys were inoculated in the lung in the same manner 
and with the same virus. One of these developed symptoms like that 
above described. The third animal showed a distinct rise of temperature 
on the third day of the experiment and was immune to subsequent vac¬ 
cination but did not develop an exanthem. The same method of inocula¬ 
tion was followed in another series of f> monkeys, but powdered variola 
disk was substituted for the mixture of pustule contents and lycopodium. 

Summary .—Two of the animals in the series inoculated with dried 
pustule contents showed ail exanthem. The exant hem appeared on the 
eighth day of the disease and was profuse. It one of these animals the 
evolution of the eruption was similar to that seen in variola ve.ra in mail. 
A cough was noted in the 2 monkeys which developed an exanthem. 
The constitutional reaction was not marked, hut in each animal a distinct 
rise in body temperature was observed. The fever began on the eighth 
day in two and on the sixth day in one. 

The monkeys inoculated by inhalation of pulverized variola disks 
showed no exanthem, no constitutional reaction, and an indefinite tem¬ 
perature reaction. One animal was found to be refractory to a subse¬ 
quent skin inoculation with variola virus. 

(e) Attempts to inoculate the monkey by exposure to smallpox 
fomites .—In the series of inoculations previously described we employed 
material the infectiousness of which was demonstrable. In all these 
experiments, although they approximate somewhat the conditions in 
which man contracts smallpox, the amount of contagious material em¬ 
ployed was excessive. In the series to be described we attempted to place 
the animals under conditions which experience has shown would result 
in an attack of smallpox if man was subjected to the test, although we 
were unable to demonstrate the presence of a eontagium. 

No. 2-43. Adult mule*, M. njnomolotjuH. This monkey, together with 4 others, 
was kept in a cage in which ft blanket was placed which had been wrapped around 
a smallpox patient. The blanket had been in contact with the patient for 6 hours 
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and was carried from the ward to the animal room in a light-proof, sterile hag. 
The blanket was left in the cage with the monkeys over night. Observations were 
recorded upon the monkeys daily for a period of 1(J days, during which time no 
eruption and no temperature reaction appeared. The animal was variolated on 
the akin on the seventeenth day of the experiment with virus No. 200. A typical 
primary lesion developed at the site of inoculation. 

One of the remaining animals of this scries died on the fifteenth day of the 
experiment, lx?fore the immunity had been tested by skin inoculation. At autopsy 
there was no evidence of variola in this animal. The 3 other monkeys were shown 
to be susceptible to variolation by skin inoculation. 

Summary. —Five monkeys showed no clinical symptoms of variola 
after exposure to a smallpox-infected blanket. Four of these animals 
were subsequently shown to be susceptible to variola by skin inoculation. 
The fifth animal died before its immunity was tested, but no anatomical 
evidence was found that it had contracted variola. 

(/) Attempts to inoculate the monkey by exposure to a smallpox 
patient. —This experiment was undertaken as a further test of the reac¬ 
tion of the monkey to conditions which would bring about an infection 
with smallpox in man. 

No. 240. Adult male, ,lf. cijnomologus . This monkey and 4 others were placed 
in a cage which was kept in a room for 10 hours with a smallpox patient in the 
vesicular stage of the disease. The animals were kept under observation for" 
10 days. No eruption and no temperature reaction was observed. On the seven¬ 
teenth day of the experiment the animal was inoculated on the abdomen with 
variola virus No. 200. A typical primary lesion developed at. the site of 
inoculation. 

Of the 4 remaining monkeys of this series 2 reacted positively to subsequent, 
variolation on the skin while 2 gave no reaction. 

Summary .—Five monkeys exposed to a. smallpox patient, did not de¬ 
velop symptoms of variola. Three of these animals were subsequently 
shown to be susceptible to variolation by skin inoculation. 

(g) A ttempt to inoculate by exposure of the orang-utan to smallpox 
fomites .—This experiment was planned to determine if an animal higher 
in the scale than the monkey would contract smallpox under conditions 
in which man becomes infected. 

No. 107. A young female orang-utan was given a blanket which had just been 
taken from a case of smallpox in the vesicular stage of the disease. The animal 
at once wrapped herself in the blanket and used it until the following day, 
when a clean blanket was substituted for the infected one. During the following 
eighteen days the animal was kept under constant observation. No exanthem 
appeared and the variations in the body temperature which occurred were ox 
plained by intcrcurrent infection. The animal was subsequently variolaled on 
the skin and yielded a positive reaction. 

Summary .—An orang-utan exposed to smallpox fomites did not de¬ 
velop symptoms of variola. The animal was shown subsequently to be 
susceptible to variola inocvJata by skin inoculation. 



318 


DISCUSSION. 

The experiments detailed above were devised to produce variola vera 
in the monkey or in the orang-utan. An analysis of the results of 
these experiments shows that of 29 monkeys 10 developed a distinct group 
of symptoms. Seven of the remaining animals showed no symptoms 
and 12 were affected in an indefinite way. All the positive results were 
obtained where some product of the cutaneous lesion of human smallpox 
was introduced into the animal. All of the negative results were in ex¬ 
periments where smallpox fomites or the air of a smallpox ward was de¬ 
pended upon to carry the contagium. Fifteen experiments in which 
vesicle contents or pustule contents were either inoculated upon the 
tracheal mucous membrane or blown into the lung yielded 10 positive 
results. The disease produced in these animals was characterized by the 
development of an exanthem, sonic degree of constitutional reaction, and 
fever. The evolution of the exanthem was usually similar to that seen 
in variola inoculata , but in 3 animals it resembled the eruption in a mild 
variu/a vera. The exanthem appeared between the seventh and tenth days 
of the experiment. The constitutional reaction and the fever appeared 
on the sixth, seventh, or eighth day of the experiment. 

The disease which occurred in these animals agrees with that type 
which follows variolation of the skin of the monkey, and we have no dif¬ 
ficulty in recognizing it as variola inoculata. 

The negative results which followed cxjiosure of the monkey aiul the 
orang-utan to smallpox fomites and smallpox patients show that these 
animals do not develop a recognizable form of variola when placed under 
conditions which we believe would produce smallpox in man. We are 
unable to exclude the possibility of the occurrence of variola vera sine 
evanlhem or variola inoculata sine e.ran litem in those animals. The 2 
monkeys which were refractory to variolation after exposure to a small¬ 
pox patient might owe tlieir immunity to such unrecognizable forms of 
variola, but we are inclined to regard this phenomenon as very likely due 
to an individual peculiarity of the animals (natural immunity). 

The histological study of the tissues from these series of monkeys 
brings out certain points of interest. The epithelium of the trachea is 
shown to he capable of harboring the parasite of the disease, and we see 
that a lesion can develop in this location which has features in common 
with the ones produced by variolation of other mucous membranes. 

The occurrence of a variolous h*uon in the bronchus and, associated 
with it, a pneumonia in which the parasite is present shows that the 
organism is capable of multiplying in the deeper parts of the respiratory 
tract. This fact bears upon the pathogenesis of variola vera in man. It 
is quite conceivable that such a lesion might run its course unnoticed 
and serve as a focus for the multiplication of the organism during the 
incubation period of the disease. We have shown that Cyloryclcs 
variola! is capable of infecting the endothelial cells of capillaries and 
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lymphatics. It is easy to understand that the organisms in a focus of 
variolous pneumonia might invade the adjacent blood vessels, infect 
endothelial cells, and so be carried throughout the vascular system. If 
such an infected endothelial cell were to lodge in a capillary adjacent 
to an epithelium hospitable to the organism, an eruptive lesion would 
result. The focal lesions in the seminal vesicles of one of the monkeys 
which was inoculated in the trachea is doubtless due to such a process, 
although in this case the infected endothelial cells probably came from 
vessels beneath the tracheal inoculation. In variola inoat lata the tissue* 
at the site of the inoculation is flooded with organisms at the time of 
inoculation, and it seems probable to us that the exanthem developing 
in these animals results from endothelial cells infected at this time. In 
variola vrra the exanthem appears four or five days later than in variola 
inoculata . We believe this interval to be associated with I lie develop¬ 
ment of a focus of variolus pneumonia, during which the organisms 
multiply and finally invade the vessels. 

CONCLUSIONS. 

(1) Inoculation of the mucous membrane of the trachea of the monkey 
(M. cynomologns) with variola virus produces a variola inoculata in that 
animal. 

(2) Inhalation of variola virus by the monkey (M. cynomologus) 
produces a variola inoculata in that animal. 

(3) Exposure of the monkey (M. cynomologus) and the orang-utan 
(Simin safyrus) to smallpox fomites and to a smallpox patient dot's not 
produce variola rent or any other recognizable form of variola in these 
animals. 

(4) Inoculation of the moucous membrane of the trachea of the 
monkey (M. cynomologus) with variola virus is followed by the develop¬ 
ment of a variolous lesion on the mucous membrane which is similar to 
that produced on other mucous membranes by similar inoculations. A 
variolous lesion may develop in the bronchi and he associated with a 
pneumonia in which Cyloryctcs variola are present. The development of 
the specific lesion in the trachea may he followed by a general cutaneous 
exanthem and also by focal lesions of a variolous nature in the seminal 
vesicles. 

(5) Cyloryctcs variola can invade the epithelial cells of the trachea, 
the bronchi, the alveoli of tin* lung, and the seminal vesicles. 

(6) Cyloryctcs variola can invade the endothelial cells of lymphatics 
and blood vessels. This property of the organism plays an important 
part in the production of the exanthem in variola. 
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STUDIES UPON THE IMMUNITY REACTIONS OF THE MON¬ 
KEY AFTER INOCULATION WITH VACCINE OR WITH 
VARIOLA VIRUS. 


J. ON THE IMMUNITY REACTIONS OF THE MONKEY (MACACUS CY NO MO LOCUS) 
AFTER INOCULATION OF TIIE SKIN WITH VACCINE OR WITH VARIOLA 
VIRUS. 

In this section we propose to bring together certain observations upon 
the immunity following the development of vaccinal or variolous lesions 
upon the skin of the monkey. The data bear upon the general problems 
of immunity to vaccinia and variola, and we will show certain differences 
in the immunity reactions of the monkey to the two sorts of virus which 
throw light upon the general question of the interrelationships of the 
two diseases. The experiments which form the basis of this section were 
in part those detailed in other papers of this series and in part the ones 
performed with special reference to the problems here treated. 

The technique used for inoculation was that described in previous 
papers of this series. The diagnosis of the results of the second inocula¬ 
tions was based upon the descriptions already given of the specific lesions 
of vaccinia and variola inoculaia in the monkey. We have been guided 
wholly by the appearances to the naked eye. In our experience we have 
rarely been in doubt as to the specific character of a vaccinal or variolous 
skin lesion in the? monkey. In the few instances where we could not 
feel certain of the diagnosis, the experiment has been ruled out. 

EXPERIMENTS. 

1. Vaccination of the skin after successful vaccination of the skin .— 
Thirteen monkeys were selected for this experiment. Each animal had 
shown a typical vaccinal lesion of the skin of the abdomen from inocula¬ 
tion either with virus No. 1 , 148 , 2116 , 24 ( 5 , or 251 . Twenty-two days 
after the occurrence of this lesion the animals were vaccinated on the 
skin of the abodmen with virus No. 148 . All these attempted revaccina¬ 
tions resulted negatively. At the site of the second inoculation there 
was only the usual, slight reaction which follows a scratch. The scratches 
healed as if no virus had been used. 

2. Variolation of the skin after successful vaccinatum of the skin. —Six 
monkeys which had shown typical lesions on the skin of the abdomen as 
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the result of inoculation either with vaccine virus No. 1, 251, 23(5, 246, 
or 148 were selected for this experiment. Each animal was variolated on 
the skin of the abdomen with virus No. 52 or 200. No reaction followed 
the second inoculation. An interval of from 38 to 58 days elapsed 
between the two inoculations. 

3. Vaccination of the shin after variolation of the shin .-—The results 
obtained in this series are best shown by presenting a number of the 
experiments in detail. 

No. 114. Adult nuile, M. eynomoloyus. Variolated on the .skin of the abdomen 
with virus No. Itt7 (vesicle contents). Animal developed a typical variola inocu- 
lata including a general exnntliein. Oil the. thirty seventh day after the variolous 
inoculation the monkey was vaccinated on the skin of the abdomen with virus 
No. 148. At the site of inoculation there developed a lesion which had all of 
the characteristics of a vaccine process only differing from primary vaccinations in 
the extent of the process and in the indcliiiiteness of the vesiculation. The lesions 
passed through a definite evolution and healed spontaneously. We had no hesita¬ 
tion in diagnosing the lesions as specific but typical reactions. 

The experiment was repeated on 2 other monkeys of (he same sjH>cies with 
identical results, which need not be given in detail. 

No. 153. Adult male, M. eynomoloyus. The monkey was variolated in a number 
of places on the skin of the abdomen with virus No. 107 (vesicle contents). A 
typical, primary lesion developed, which, however, was not so extensive as in the 
other animals inoculated at the same time with the same virus. No exanthem was 
noted. 

On the tenth day of the experiment the animal was vaccinated on the skin of 
the abdomen with virus No. 148. An atypical reaction resulted, similar to those 
seen in the monkeys described above. 

On the twenty-fifth day the monkey was vaccinated on the skin of the abdomen 
with virus No. 1. An atypical lesion was again produced. 

No. 141. Adult male, . 1 /. eynomoloyus. Variolated on skin of abdomen with virus 
No. 107 (vesicle contents). Variola inoculata, with cxnntlicm, developed. Twenty- 
eight days after the variolation the animal was vaccinated on the abdomen with 
virus No. 1. No reaction followed the vaccination. 

Two other monkeys were shown to be immune to vaccination of the skin with 
virus No. 1, 19 days after a variolation on the abdomen with virus No. 107 
(pustule contents dried with lycopodium), which had been followed hv a typical 
primary lesion but no general exanthem. 

4. Variolation of the skin after variola inoculata. —This experiment was only 
undertaken in one instance und demonstrated the monkey to be immune, after a 
variola inoculata , to a second skin inoculation with variola virus. 

SUMMARY. 

(1) Vaccination of the skin in 13 monkeys protected against subse¬ 
quent vaccination of the skin. 

(2) A vaccination of the skin in 6 monkeys protected against subse¬ 
quent variolation of the skin. 

(3) A variolation of the skin in 3 monkeys protected against subse¬ 
quent vaccination of the skin. In the case of 3 monkeys the following 
vaccination yielded a positive, though an abortive, reaction. Another 
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monkey showed an abortive reaction with 2 successive vaccinations which 
were subsequent to a variolation. 

(4) Variolat ion of the skin in 1 monkey protected against a subsequent 
variolation of the skin. 

(5) The time which elapsed between the first and second inoculation 
in these monkeys varied between 10 and 58 days. 

(<>) Three of the monkeys which were shown to be susceptible to vac¬ 
cination after successful variolation were tested 37 days after the first 
inoculation. The 3 animals of the same scries which were refractory to 
the vaccination after variola inoculala were tested 2«S days after the pri¬ 
mary inoculation. The animal which did not seem to acquire an im¬ 
munity to inoculation (No. 153) was tested on the tenth and twenty-fifth 
days—that is, previous to the date in which complete immunity was 
shown to exist in 3 monkeys and to the date in which 3 were shown not 
to he immune to a second inoculation. 

DISCUSSION. 

The results of our inoculations conform to the general law that vac¬ 
cination and variolation confer an immunity to subsequent infection with 
vaccine and variola virus upon the affected animal. The results of 
similar inoculations in man, which were performed in the early days of 
vaccination, seem to have yielded more constant results than we have ob¬ 
tained in monkeys. The immunity conferred by a vaccine lesion of the 
skin of the monkeys is complete against later inoculation with vaccine 
and variola virus. 

The conclusions are not so definite in primary variolation. In a cer¬ 
tain proportion of the animals a complete immunity to vaccination on the 
skin has been produced by a previous variola maculata, but an equal 
number show only a diminished susceptibility to the vaccine virus. Tlu-se 
observations agree with those made by Itoger and Weil on Macaeus mon¬ 
keys, in which substantially the same phenomenon was noted. 

In seeking for an explanation of this partial immunity conferred by 
variola inoculala against vaccination of the skin we might refer it simply 
to a dying out of the immunity, for we find the completely immune ani¬ 
mals were reinocnlated on the twenty-eighth day of the experiment, while 
the animals showing partial immunity were tested on the thirty-seventh 
day; but this is contradicted by the single animal which was shown to 
react by a specific process to 3 successive inoculations, with an interval 
of 10 and 15 days, with variola and vaccine virus (experiment No. 153). 

The explanation that there is a qualitative difference in the reaction 
of this species of animal to the 2 viruses is not borne out by experimental 
inoculation. The inoculation of variola virus affords partial protection 
in a certain percentage of cases, and absolute protection in others, to sub¬ 
sequent vaccination. 

A third possibility lies in a hypothetical quantitative difference in the 
immune substance called forth by the 2 sorts of virus. 
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It seems evident that tin* immunity whic h the animal presents to the 
skin inoculation must depend upon certain properties of the individual 
conferred upon it by the* disease* which follows the first inoculation. The 
weight ot evidence is in favor of the immunity being dm* to a bactericidal 
or germicidal property resident in the blood serum (Sternberg and heed. 
Bed ere, Chambon, and Menard). If such bo the case the* animals in 
which complete immunity to vaccinia follows variolation, and in which 
complete immunity to variolation follows vaccination, indicate that the 
immune property of the serum of the inoculated animal, whether vaccina¬ 
tion or variolation he practiced, is identical. We then would expect to 
find simply a quantitative difference in this germicidal property of the 
sera of the animals, depending ll l )on diameter of the virus used for 
inoculation. The reason that variola inoculnta always protects against 
an inoculation with variola virus, if confirmed by more experimental 
evidence than wo present, would he that the variola virus is less potent 
upon the monkey than vaerinia virus, in that it: fails to develop in 
monkeys protected by previous variola!ion, whereas the latter develops 
and produces a lesion. 

That the immunity resulting from inoculation of the monkey with 
variola virus is less efficient than that resulting from vaccinal ion is 
apparent from the fact that vaccination protects against both subsequent 
variolation and vaccination, while variolation protects against subsequent, 
variolation and only partially against subsequent vaccination. 

At the present time technical difficulties prevent- the putting of the 
quantitative aspects of the above hypotheses to the test of experiment. 

CONCLI'S IONS. 

(1) A vaccine* lesion on the skin of the monkey (M. cynomnloguit) 
confers upon the animal an immunity to subsequent inoculation of the 
skin with vaccine or with variola virus. 

(2) A variolous lesion on the skin of the monkey (.1/. cynomolnyu*) 
protects tlu* animal against subsequent inoculation of the skin with 
variola virus, hut does not in all cases protect against later inoculation 
with vaccine virus. 

(3) The failure of variola inoculnta in the monkey to protect against 
subsequent skin inoculation with vaccine virus depends upon the fact, 
that this species of animal produces a smaller amount of the germicidal 
substance? necessary to inhibit a second inoculation after variolation than 
it does after vaccination. 

2. ON THE IN FLUKNTE OF T1IE LOOTS OF INOCULATION UPON THE DEVELOP¬ 
MENT OK THE IMMUNITY TN VAlflOLA AND VACCINIA IN THE MONKEY 
(MACACUH C Y N OMO LOO ITS ) . 

Introduction. —In the preceding section we have studied the immunity 
reactions of the monkey to inoculation of the skin with variola and with 
vaccine virus and have brought out certain differences in the immunity 

39714 —« 
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produced by the two viruses. In this section we will detail experiments 
which bear upon the general problem of the immunity reactions of the 
monkey to vaccine and to variola virus from a somewhat different point 
of view. 

In testing the immunity of rabbits after skin and after corneal inocula¬ 
tions with vaccine virus, Dr. It. L. Thompson 7 obtained results which 
tended to show a difference in the degree of immunity depending on the 
locus chosen for the primary vaccination. As we were more favorably 
situated as regards facilities and animals for experimentation, we decided 
to continue this line of work on monkeys. We have extended the scope 
of the experiments so as to include the study of the relative immunity 
produced by vaccination and variolation of the skin, cornea, and mucous 
membranes. 

EXPERIMENTS. 

(a) Vaccination of the cornea after vaccination of the skin. —Thin experiment 
was performed upon 5 monkeys (M. cynomolyus ). Knelt animal had shown a 
typical vaccinal lesion on the skin as a result of an inoculation with virus No. 1, 
148, g.’M, or 251, and each was tested 22 days after the first inoeulation hy vaeeina- 
tion of the skin with virus No. 148. The cornea was vaccinated with virus No. 148 
on the twenty-ninth day after the initial skin vaccination. The animals were 
killed after 48 hours, and paraffin sections of the corneas were examined micro¬ 
scopically. 

Four of the monkeys showed no specific lesion on the cornea. One showed a 
typical vaccinal keratitis with proliferation of the epithelium and the presence of 
numerous eytoryetes. 

(5) Variolation of the cornea after variola inoculata from skin inoculation .— 
This series consisted of 5 monkeys which had shown a typical primary lesion on 
the abdomen following inoculation with variola virus No. 107 (disk). Three of 
these animals had developed a general exanthem. 

On the twenty-fourth day of the experiment each monkey was inoculated on the 
cornea with variola virus No. 107 (vesicle contents). The animals were killed 
after 72 hours and the corneas studied microscopically. Kaeh animal presented 
a typical variolous keratitis ut the site of inoculation, and eytoryetes were present 
in large numbers. 

(c) Variolation of the skin after variolous keratitis. —This experiment was 
performed on a single animal. The cornea was inoculated with variola virus 
No. 200. A typical lesion developed. Eighteen days after the corneal variolation 
variola virus No. 252 was inoculated on the skin of the abdomen without pro¬ 
ducing a lesion. The skin inoculation was repeated on the forty-first day with 
variola virus No. 807, and again no reaction followed. 

(d) Vaccination of the skin after variola lion of the mucous membrane of the 
palate. —The 5 monkeys employed for this experiment had developed a typical 
variolous lesion on the soft palate, following variolation with virus No. 107 
(vesicle contents). Each animal was vaccinated on the skin with virus No. 148 

7 These experiments were carried on in the pathological laboratory of the 
boston City Hospital under the direction of Dr. \V. T. Councilman. Owing to the 
impossibility, at the time, of carrying out the research on extensive enough lines 
to yield definite conclusions, the results were not published. 
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on the 1 twenty-first. clay of the* experiment. In every animal a typical vaccine 
lesion developed at the site of inoculation. 

(r) Variolation of the skin after rariolation of the mucous membrane of the 
palate .—Three monkeys were selected that had shown a typical vuriolous lesion 
on the soft pulute after inoculation with virus No. 307. Eighteen days after the 
initial inoculation the animals wore variolated on the abdomen with virus 
No. 307. Two of the monkeys showed no reaction to the skin inoculation, while 1 
yielded a typical primary lesion, hut no exanthem developed. 

( f) Vaccination of the skin after variolation of the mucous menthram* of the 
lip and nose. One monkey was inoculated in this way. Typical variolous lesions 
developed on the inner side of the lip and on the nasal septum after inoculation 
with variola virus No. 107 (vesicle contents). The monkey was vaccinated on 
the abdomen with virus No. MS and No. 1 on the seventeenth and forty first, days, 
respectively. No lesion developed after either vaccination. 

(<y) Vaccination on the skin of the temple after vaccination of the abdomen .— 
Two monkeys that had shown a typical vaccine lesion on the abdomen were later 
shown to he refractory to vaccination on the temple. 


Sl'MMAttY. 

(a ) A vaccine lesion of the skin protects against subsequent inocula¬ 
tion of the cornea witli vaccine virus, hut the protection is not complete. 

(b) A variola lesion of the skin does not protect against subsequent, 
inoculation of the cornea with variola virus. 

(r) In one* monkey a variola lesion on the cornea protected against 
subsequent inoculation of the skin with variola virus. 

(d) A variola lesion on the mucous membrane of the palate docs not 
protect against subsequent inoculation of tin* skin with vaccine virus. 

(e) A variola lesion on the mucous membrane of the palate does not 
completely protect against subsequent inoculation of the skin with variola 
virus. 

(f) A variola lesion on the mucous membrane of the lip and nose 
protected, in one instance, against subsequent inoculation o! the skin 
with vaccine virus. 

(<y) A vaccine lesion on the skin of the abdomen protected against 
subsequent inoculation of the skin of the temple with vaccine virus. 

discission. 

The summary of our experiments in this section demonstrates that 
the immunity produced by a. variolation on the mucous membrane* is lower 
than that produced by a variolation on the skin. 

We have already shown that the immunity produced by a variolation 
on the skin is lower than that following a vaccination on the skin, and 
we find that this is emphasized by the* results of inoculations of the 
cornea after vaccination and variolation of the* skin. The fact that 
even vaccination of the skin does not completely protect against sub¬ 
sequent corneal inoculation with vaccine virus illustrates our point with 
regard to the quantitative relation of the two immunities. 
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In interpreting the results of these inoculations the following factors 
must be considered, viz: 

(a) The locus of the initial inoculation. 

(/>) The virus used in the initial inoculation. 

(r) The locus of the second inoculation. 

(d) The virus used in the second inoculation. 

Bearing these factors in mind we see that loci chosen for initial inocula¬ 
tions bear the following relation to the resulting immunity. 

The immunity conferred by skin locus is greater than that by the 
cornea, and tin* latter is greater than that by the mucous membrane. 
The immunity conferred by vaccine is greater than that conferred bv 
variola, as we have already indicated in the preceding section. 

The influence of the locus of the second inoculation can only be esti¬ 
mated in regard to the cornea and skin when we find that the immunity 
conditioned by the initial inoculation is less efficacious when the cornea 
is chosen than when the skin is the site of the second inoculation. 

The influence of the sort of virus used in the second inoculation upon 
the test seems to indicate that the vaccine virus is more potent than the 
variola virus in that it may produce a lesion in an animal in which 
there is complete protection to inoculation with variola. 

We find, in short, that the skin is relatively a more efficacious locus 
than the cornea, and the latter is more efficacious than the mucous mem¬ 
brane in producing immunity. The immunizing power of vaccine virus 
is higher than that of variola virus. 

If we interpret the above experiments in the light of the hypothesis 
elaborated in the previous section and keep in mind the physical condi¬ 
tions at the various loci of inoculation, we feel that the phenomena 
observed are quite consistent. 

A variolation of the cornea after skin variolation succeeds because the 
total amount of immune substance present in the individual is relatively 
small, owing to tin* character of the virus used in the initial inoculation, 
and because the physical conditions on the cornea do not favor a free 
mixing of the immune-bearing plasma with the inoculated virus. 

Tn the case of a monkey vaccinated on the skin a vaccination of the 
cornea only rarely succeeds, because the relatively large amount, of im¬ 
mune substance present, even under the adverse physical conditions in 
the cornea, usually is sufficient to produce a germicidal effect upon the 
inoculated virus. We feel that the fact of an occasional animal yielding 
a positive reaction to such a second inoculation only emphasizes our view 
that the phenomenon is a quantitative one. 

In the case of the mucous membrane as a locus of initial inoculation 
the physical conditions arc doubtless a large factor in causing the low 
immunizing power. Study of the lesion on the mucous membrane shows 
that almost from the* first, an open wound is present at the site of inocula¬ 
tion. This condition would favor the discharge of toxino and products 



of degeneration of the organism, and would he unfavorable for the 
production oi an immune substance which resulted from the reaction of 
the host cells. 

The high potentiality oi the skin as a locus of the initial inoculation 
for immunity production is in sharp contrast with that of the mucous 
membrane, and the physical conditions arc in keeping with the interpre¬ 
tation given above. In a skin lesion the greater part of the products 
of the lesion must be absorbed and go to produce 1 the general immunity. 

It. seems probable from the histological study of the specific lesion 
in the nose that this locus would stand nearer to the skin in its poten¬ 
tiality for immunity production than the lip or palate. \YV feel that 
our data are insufficient for generalization on this point. 

conclusions. 


(1) The degree of protection conferred by a vaccinal or variolous 
lesion on the monkey (M. ctjnomolnyus) is conditioned by the locus 
chosen for inoculation as well as by the virus which is employed. 

(2) The varying degree of immunity production which follows the 
development of vaccinal or variolous lesions at different loci of inocula¬ 
tion is dependent upon the physical conditions there present. 

(It) The outcome of an inoculation of an animal which has had a 
variolous or vaceinious lesion depends upon the locus and upon the 
virus employed in the second inoculation as well as upon the locus and 
upon the virus employed in the first one. 

:j. ON THE TIME OK DEVELOPMENT OK THIS IMMUNITY AKTEU INOCULATION 
OK THE SKIN OK THE MONKEY WITH VACCINE AN1) WITH VYIllOLA 
VIIU-S. 

introduction .—The following experiments were planned to show the 
interval which elapses between the inoculation of the monkey's skin 
with vaccine or variola virus and the development of an immunity 
inhibiting further inoculations. The results of these experiments hear 
upon the general problem of the diseases, and particularly upon that of 
the causation of tin* exantheni in variola inociilatn . The experiments 
are arranged in three series, as follows: 

(a) lhull/ inoculation of the shin with vaccine virus . Five? monkeys (.1/. cyno- 
mologufi) were selected and each received upon Hu* skin of the abdomen a. single 
vaccination daily for 9 days. The development of each lesion was observed find 
objective descriptions recorded from day to day. Vaccine virus No. 148 was 
employed. 

No. 108. The lesions from vaccinations performed on the second, third, fifth, 
sixth, and seventh days of tin* experiment showed a typical development. Those 
from inoculations on the first and fourth days were abortive ill character, vesieula- 
tion not being complete. The inoculations done on the eighth and ninth days 
were entirely negative. 
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No. 101). The first, second, third, fourth, nnd sixth vaccinations were positive, 
while no reaction followed those on the fifth, seventh, eighth, and ninth days of 
the experiment. 

No. 110. The first to the fifth vaccinations, inclusive, resulted positively, while 
those on the 4 succeeding days were not followed by a reaction. 

No. 111. The first to the fifth vaccinations, inclusive, yielded a typical vaccine 
process, while tin* remaining 4 were without result. 

No. 112. The first, second, and third vaccinations were negative, the fourth was 
abortive, and the fifth, sixth, seventh, eighth and ninth were negative. 

(b) Daily inoculation of the skin with rariola virus. —Eight monkeys {At. 
cynomoloyus) were used in this series of experiments. Each animal daily re- 
eeived a single inoculation with variola virus. Variola virus No. 107 (vesicle 
contents), No. lflfl, or No. 200 was employed, and after the final inoculation the 
sample was tested by inoculation upon the skin of a fresh monkey and shown 
still to he potent. 

No. llhi. The inoculations on the first, second, third, fourth, and fifth days of 
the experiment yielded typical lesions. The fifth, sixth, and seventh inoculations 
were not followed by a lesion. A general exant hem developed on the ninth day 
of the experiment. 

No. 137. The first to the fourth inoculations, inclusive, were positive, while 
the remainder were negative. An exanthem ap|>cured on the ninth day. 

No. 138. 'Hie first 4 inoculations were positive, which the last 3 were negative. 
An exanthem developed on the eighth and ninth days. 

No. 213. The first, second, third, and fourth inoculations were positive, while 
the fifth, sixth, and seventh were negative. On the seventh, eighth, and ninth 
days a general exauthem was observed. 

No. 214. The inoculations on the second and third days yielded positive, those 
on the first nnd fourth abortive, and those on the fifth, sixth, and seventh negative 
reactions. No general exant hem developed. 

No. 215. The first four inoculations were positive, the fifth was questionable, 
the sixth nnd seventh were negative. No exauthem developed. 

No. 11(1. The first, second and third inoculations were positive, the fourth was 
questionable, the fifth, sixth, nnd seventh were negative. A general exanthem 
appeared on the eighth and ninth days. 

No. 117. The first four inoculations were positive, the fifth was questionable, the 
sixth and seventh were negative. An exauthem appeared on the ninth day. 

(c) Simultaneous inoculation with raccinc and rariola virus. Five monkeys 
were selected and inoculated on the left groin with vaccine virus No. 1, and on 
the right side of the chest with variola virus No. 200. 

Four animals reacted typically to both inoculations and 2 of these developed 
an exanthein on the ninth day of the experiment. The fifth monkey reacted 
typically to the vaccine virus, but did not show a process at the site of the 
inoculation with variola virus or develop an exantliem. 
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SUMMARY. 

(1) In 2 monkeys daily inoculations with vaccine virus ceased to 
produce a positive lesion o days after the first inoculation. 

(2) Three monkeys similarly vaccinated failed to react (i days after 
the first successful inoculation. 

(3) In 4 monkeys inoculated daily with variola vims positive reactions 
were not obtained 1 days after the first inoculation. 

(4) In 2 monkeys inoculated daily with variola virus, an abortive 
lesion followed the inoculation done 1 days after the first one, and in 2 
animals a similar lesion developed from an inoculation performed 3 days 
after the primary inoculation. 

(f>.) Six of the 8 monkeys subjected to daily inoculations with variola 
virus developed an exnnthem. The eruption was first present on the 
ninth day in 2, on the eighth day in 3, and on the seventh day of the 
experiment in 1. 

(fi) The interval between the last successful daily inoculation (count¬ 
ing abortive lesions as positive) and the appearance of the exanthein was 
f> days in 2 monkeys, 4 days in 3, and 3 days in 1. 

(?) Four monkeys reacted to both vaccine and variola virus, simulta¬ 
neously inoculated, by the appearance of typical lesions which developed 
apparently without influencing one another. Two of these animals devel¬ 
oped a general exanlhem on thi* ninth day of the experiment. 

' DISCUSSION. 

A comparison of the results of daily inoculation of the skin with vaccine 
virus with those following similar inoculation with variola virus shows 
that there is a distinct difference in the time of onset of the immunity. 

In the experiments where vaccine was used the refractoriness to skin 
inoculation, if judged by the day on which the* first unsuccessful inocula¬ 
tion was performed, appeared, on an average, during the seventh day of 

the experiment.that is to say, the seventh daily inoculation, which was 

performed (1 davs after the first successful one, fails to show a specific 
reaction. 

In the series where variola virus was employed this refractoriness to 
reinocubition np|>eaml, on an average, during the fifth day o! the 
experiment. 

Without committing ourselves to the exact date of onset of the 
immunity, we may yet assert from this that it is of earlier development 
in rarioia inoculata than in vaccinia. The determination of the exact 
day of development of an immunity to subsequent skin inoculation can 
not accurately he determined by this procedure. In studying the 
evolution of a vaccine or a variola lesion on the skin, we see that an 
interval of from 72 to 9(i hours intervene* between the inoculation and 
the appearance of a process which can be diagnosed by the naked eve. 
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That this incubation period is apparent rather than real, as shown by 
a microscopic study of sections from the inoculation sites, does not help 
us in this connection. By the methods adopted in these experiments 
we arc in doubt for 3 days as to the outcome of our inoculation. At 
any time during this period the development of the lesion may be 
checked by the onset of the immunity. We then see that the fact that 
the inoculations on the first 4 days of an experiment result in a diagnos- 
able lesion, while those on the fifth day and on succeeding days do not 
develop to a diagnosable condition, does not fix the date of onset of im¬ 
munity at the fifth day. Obviously an inoculation done on the fifth day 
might not appear in the records of the experiment as a positive reaction 
if the immunity developed even 2 days later, as the lesion would be 
inhibited before it was recognizable. 

Therefore we must conclude that the onset of the immunity is not 
before the date of the last successful inoculation, and may be as much as 
3 days later. Applying this conclusion to our experiments, where daily 
inoculation was practiced, we sec that the development of immunity to 
reinoculation of the skin with vaccine virus may manifest itself at any 
time between the sixtli and the eleventh days, and to reinoculation with 
variola virus between the liflli and the eighth days. These figures are 
arrived at by selecting the days of the earliest unsuccessful inoculation 
for the earliest date and the day of the latest unsuccessful inoculation 
plus three for the latest date. These limits, while wide, an? as narrow 
as we believe to be warranted by the method of experimentation adopted. 

The appearance of a general exanthem in the animals inoculated daily 
with variola virus, from 3 to f> days after the last successful insertion of 
virus on the skin, seems at first sight difficult to explain. If we allow 
for a 3-day interval between the invasion of the skin and the appearance 
of the eruptive lesion, we see that this brings the date of invasion, and 
hence tbe period of intravascular transit of the? organisms to within the 
limits set for the onset of the immunity. The number of organisms 
which go to produce a regular, eruptive lesion are undoubtedly infinitely 
fewer than those introduced in an inoculation of the skin with virus. As 
the growth of the lesion depends upon the multiplication of the organ¬ 
isms, it is probable that the interval between the invasion of the skin and 
the appearance of the exanthem lesion is longer than that between inocu¬ 
lation of tin? skin with virus and the diagnosable stage of the primary 
lesion. We must conceive of the organisms which are to produce the 
exanthem as passing from the primary lesion to the skin before the date 
of onset of the immunity. By comparing the dates we can readily under¬ 
stand bow the organisms might make this intravascular journey before 
the immunity developed. Another explanation lies in the possibility 
that phagocytes act as carriers and as protectors of the organism from 
the immune plasma. The development of an exanthem is therefore 
(juite consistent- with our conclusions with regard to the time of onset of 



the immunity. The brief evolution and abortive development of the 
lesion of the exanthem is what might he exported in an animal which 
had already developed such a germicidal power in its plasma that its 
presence in the inoculation wound, and in the subsequent exudate stream 
of inflammatory origin, inactivated the virus introduced at the site of a 
skin inoculation. 

Tn the lesion developing spontaneously on the skin, the immune plasma 
doubtless docs not have as free access to the organisms as is the case when* 
the virus is mixed in a scratch with fresh drawn blood serum. 

The phenomenon of an exanthem in variola inocufata and its absence 
in vaccinia is not explained by these experiments. Had it proved that 
the general immunity was of notably later development in variola inoc- 
ulata the exanthem producing quality of variola virus would readily 
have been explained. However, the reverse seems to be the case, and 
we have to seek further for the explanation of this fundamental dif¬ 
ference between the two viruses. 

Simultaneous variolation and vaccination of the monkey shows that 
the synchronous development of a vaccine lesion has no effect upon the 
appearance of the exanthem of variola inocnlala. The fact that vaccina¬ 
tion on or about the date of exposure to smallpox inhibits the produc¬ 
tion of clinical types of variola rent . characterized hv an exanthem, 
emphasizes the difference between the diseases variola rent of man and 
variola inocnlala of inonke vs. 

In a previous section we have shown that, the immunity potential of 
the mucous membrane is low. In variola van it seems exceedingly prob¬ 
able that the atrium of infection and the site of the primary lesion is on 
a mucous membrane. If such he tin* case we would expect that little if 
any immunity would develop as a result of the evolution of this lesion, 
and the organisms which seek tin* skin to produce tin* exanthem would de¬ 
velop in a practically noiiiminimized animal. This agrees with the course 
of the exanthem in a typical variola vera in man. In other cases ol small¬ 
pox the exanthem shows an evolution very like that in variola inocnlala 
(variola aborliva ), or is absent (variola sine exanthem) , and in these we 
conceive the organisms which go to form the exanthem as acting against 
a more or less fully developed immunity. This condition might he 
dependent upon an early development of the general immunity arising 
from the primary pock, and be conditioned by its locus . In any case, 
a vaccination on the skin at the time of exposure produces an immunity 
which develops before the exanthem, probably killing the organisms in 
transit from the protopustule to the skin, and so inhibiting the eruption. 

This suggests an explanation of the failure of all attempts to abort, 
the exanthem in variola vera. by the injection of what certainly were 
highly germicidal sera (Heelere and others). 

It is evident that at the time when the case is fully declared to he 
smallpox and is put under treatment, the organisms are inaccessible 
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to tlu* serum. To be effective the serum would have to be given before 
the disease had advanced to a diagnosable state. Such sera might, be 
useful in eases where a patient well advanced in smallpox is discovered 
in an unvaccinated family. The unprotected ones in contact with such 
a case will probably be in the incubation stage of smallpox, and might 
be* protected bv injections of serum from a. variola vrra with exanthein. 

CONCU’SIONS. 

(1) The immunity which accompanies the development of a vaccine 
lesion on the skin of a monkey becomes manifest between the sixth and 
eleventh days. 

(2) After a variola lesion of the skin the immunity appears between 
the fifth and eighth days. 

(3) The organisms which produce this exanthem in variola inovuJata 
in the monkey pass from the point of inoculation to the skin before the 
onset of the general immunity. 

(4) The development of an exanthem in variola inoculata in the 
monkey is not dependent upon a late development of the immunity re¬ 
action of the animal. 

(f>) The use of variolicidal sera is indicated only in cases where it 
can he administered during the incubation stage of the disease. 



Part IV. 


ON THE OCCURRENCE OF CYTORYCTES VARIOL/E GUAR- 
NIERI IN EXPERIMENTAL. VARIOLA AND VACCINIA IN THE 
MONKEY AND IN THE ORANG-UTAN. 


In a previous publication from tin* Department of Pathology of the 
Harvard Medical School, the specific inclusions found in the cells in 
vaccinia and variola, which have been the subject of investigation by 
(iiiarnieri and others, 8 wen* described at length, and the conclusion was 
reached that they were intracellular organisms.' In addition to the bodies 
in the? protoplasm, which arc common to the lesions of vaccinia and of 
variola, a series was found within the nuclei of the epithelial cells in the 
specific lesions of variola. These intranuclear bodies were first described 
by Councilman, Magrath, and Hrinckcrhoff, and were regarded by them 
as phases of the organism peculiar to smallpox. 

In the present papi'r the name “Cytoryetes" will he applied to the 
specific nuclear as well as to the specific cytoplasmic forms. Since the 
morphology of these various forms has fully been described by a number 
of observers," this phase 1 of the problem will not be treated in this paper, 
attention being directed to the occurrence and distribution of these 
inclusions in various lesions produced experimentally in monkeys and in 
the orang-utan. 

Literature .—Since the* preliminary report- on variola by Councilman, 
Magrath, and Brinekerhotf,"' Bose has published a series of articles relat¬ 
ing to smallpox and vaccinia. He describes in vaccinia and in variola 
cvtoplasmic forms which possess definite structure and which pass 
through a developmental cycle resulting in multiplication. In variola 
he describes an additional cycle within the nucleus, and the forms pic¬ 
tured are similar to those discovered by Councilman. IIe believes these 
structures to he the causal agent in the disease. 

Ewing (?) considers the cytoplasmic forms of cytoryctes as products 
of degeneration of the oytoretieuluni, in support of which lie cites the 
intimate relation of the bodies to the reticulum of the cell. The cycle 
presented by the various forms ho believes to he* one of degeneration 

* For literatim* to 1W)4 see Journal of Mrdical ffencarvh, 11, 110. 

" Councilman, Magrath. and BrinckcrhotT (3), Calkins (1), Howard and Perkins 
(11), Bose (4) (."*). 

,n Councilman, Magrath. and Briiickerlioff (2), May, 11103. 
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rather than development, and is unable to distinguish certain features, 
such as nuclear structure, spore formation, and multiplication, which 
characterize the well-known protozoan parasites. 

Ewing finds the nuclear forms specific to smallpox, hut does not con¬ 
sider that sufficient proof lias been adduced to identify them as organisms, 
lie finds them identical in staining reaction with nucleoli and linin 
globules and claims to demonstrate transitions between the latter and the 
larger vacuolated forms. The presence of these structures in cells 
advanced in degeneration lie regards as against the parasitic theory. 

Howard and Perkins (It) confirm the life cycle of cytoryctes as 
presented hv Calkins and present a hitherto undeserihed secondary 
cytoplasmic stage. They believe that it is this form which first invades 
the nucleus and gives rise to the nuclear phases previously described. 

Ewing (8) in a more recent publication presents results obtained by 
the application of the Klalsch method of making histological prepara¬ 
tions. lie claims that by this method there is less artefact, especially 
as regards shrinkage, than in tissue fixed and sectioned by the usual 
methods. After applying this technique to the study of vaccine lesions 
of the cornea and skin he concludes that the vaccine body is a portion of 
the cytoretieulum, the alteration in its staining reaction being due to 
a diffusion of nuclear proteids into the cytoplasm, lie suggests the 
possibility of the presence of specific organisms within these "degenera¬ 
tions.” He admits the vaccine bodies to he specific to variola and 
vaccinia. 

Siegel (11) confirms previous descriptions of the cytoplasmic forms, 
but suggests that the nuclear forms described by Councilman are post¬ 
mortem artefacts. He bases this inference on the statement of Tyzzer 
that he was unable to find these intranuclear forms in perfectly fresh 
tissue, and utterly disregards the experimental work on monkeys in 
which the presence of the nuclear bodies was shown in perfectly fresh 
tissue. 

Davidson (<») studied the tissues of a case of variola and found the 
cytoplasmic but no nuclear forms. 

Shruinpf (JO) docs not consider either the nuclear or cytoplasmic 
inclusions to he organisms. His conclusions do not seem to be based 
upon very extensive studies. 

' Technique .—-The details of inoculation in the series of experiments 
from which our material for this study was obtained are given in full in 
other sections of this paper and need not he repeated. However, atten¬ 
tion is called to the fact that the method of making multiple inoculations 
upon the skin furnished lesions of sufficient number to excise one at each 
24-hour interval from the time of inoculation until repair had begun. 
JBy this method it is possible to obtain all stages of the process in each 
animal. Jn the study of the disease produced in other ways than by 
inoculation upon the skin, animals of a given series were killed at regular 



interval*, usually at 21-Jiour pcrioils, from the time of the inoculation 
and the lesions and tissues fixed for histological study. All tissue was 
at once put in Zenker’s lluid for fixation and afterwards embedded in 
paraffin by the alcohol-chloroform method. Sections having a thickness 
of about r> microns were cut, except in a few instances when sections of 
one-half this thickness were prepared. The Mallory cos in-met by lene- 
hlue method of staining gives very satisfactory results for the study of 
cytoryctes and was generally used. A large number of the staining 
methods now in common use wen* fried, but none was found to be 
specific for cytoryctes. 

The lesions upon which this histological study is based were obtained 
chiefly from Philippine monkeys (M. n/noinolotju;s) inoculated with 
vaccine or with variola virus. These were supplemented by variola 
lesions of the Java monkey (.1/. Hemcstrinux), variola lesions of the orang¬ 
utan (Simin sdii/rus ), and primary vaccinations from the human subject. 
The material furnished by the various series of experiments is as follows: 

j. Vaccine lesions of the Fifteen Philippine monkeys each with multiple 

vaccinations: A lesion excised at each 24-hour interval from 1 to 10 days after 
inoculation. Eleven other monkeys killed at various periods after vaccination. 
Two vaccine lesions of the human subject obtained 5 and 7 days, respectively, after 
vaccination. 

2. Vaccination of the cornea.— Nine monkeys furnishing lesions of 17. 24, and 
48 hours, and 3, 4, 5, 7, and 8 days* duration. 

3. Vaccinations of mucous membrane .— Nine monkeys vaccinated upon the inner 
surface of the lip. on the nasal septum, and on the soft palate. Killed at 24 
hour intervals from 1 to 0 days. 

4. Primary variola lesions of the shin. -Ten monkeys each receiving multiple 
inoculation: A lesion excised each day as in the skin vaccination series. Eleven 
other Philippine monkeys killed at various intervals after inoculation. Three 
,lava monkeys: Lesions excised at 24-hour intervals from 3 to 1) days after vario¬ 
lation. An orang-utan furnished lesions 0. 7. and 8 days after variolation. 

it. Variola tions of the cornea. — Nineteen monkeys. 

6. Primary variola lesions of the mucous membrane. —Nine monkeys variolated 
on the inner surface of the lip, on the nasal septum, and on the soft palate: Killed 
at 24-hour intervals from I to 0 days. Five monkeys variolated cm the nasal 
septum alone: Killed 2, 3, 4, 3. and 1) days after the inoculation. 

7. Primary variola lesions of the. trachea. —Eight, monkeys. In one of these 
there was also a specific process in the lung, possibly an extension from the 
trachea. 

8. Variola rranthem.— Lesions appearing at various locations upon the skin 
after an interval of fi to 10 days after inoculation with variola. The eruption of 
one case in which it was profuse upon the mucous membrane of the oral cavity 
and (esophagus ns well as upon the skin. In this ease there were also lesions of a 
specific nature in the seminal \csiele which were considered to he a part of the 
eruption. 

This material furnishes data on tilt; occurrence of cvtonct.es in lesions 
produced by the inoculation of three s|»eeies of apes with variola, and in 
vaccine lesions of the Philippine monkey and of man. 
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THIS OCCCUltENCE OF CYTOttYCTKK VAKLOLvK IN VACCINIA. 

Cytoplasmic forms are found in every lesion in which there is a 
characteristic process following the inoculation of vaccine. In the vac¬ 
cination lesions of the skin, cytoryctes are usually demonstrable 18 
hours after inoculation and in a few instances 24 hours after inoculation. 
They persist in the lesions up to 8 days after the vaccination and may 
occasionally he found in small numbers for a longer period. They are 
found at the sides of the vesicles where there is a gradual transition from 
normal epithelium to that in which degeneration is advanced. The 
small, deeply stained, and sharply defined forms are found at the periph¬ 
ery where the epithelium is nearly normal. The expanded indefinite 
forms which Calkins has described as aimeboid forms, and residual masses 
from which the granules have disappeared are found in older portions 
of the lesions. These indefinite forms are present, in lesions of 72 hours 
and in some cases in those of 18 hours duration. In the early lesions 
they are found in relatively small foci, but as the process advances they 
are distributed through a greater mass of the epithelium. They are 
often distinguishable in cells advanced in degeneration, but are not so 
in the fluid of the vesicle. In several lesions cytoryctes were found in 
the endothelium and in other cells about a small superficial blood vessel, 
just beneath the vesicle. 

The process produced by the vaccination of the cornea is accompanied 
in every instance by the cytoplasmic forms of cytoryctes. With the ex¬ 
tensive destruction of epithelium in these inoculations, a considerable 
surface is denuded so that cytoryctes are present only in small numbers 
at the edge of the degenerating epithelium. 

In the vaccine lesions of the lip* nose, and soft palate* cytoryctes are 
constantly present. Their distribution is similar in these lesions to that 
of the skin lesions, the small, sharply defined forms occurring at the 
periphery and the larger expanded forms in the older portion of the 
process. 

In this large number of vaccine lesions produced by the inoculation of 
monkeys with 1 different strains of vaccine virus, the nuclear forms of 
cytoryctes as found in variola do not occur. However, in vaccine 
lesions it is not uncommon to find nuclei distended with cosin-atuinc/1 
material in the form of reticulum, hyaline granules or globules. In 
some eases inclusions of this sort are abundant. The cosin-stained 
masses may have a regular, definite contour, or they may he faint and 
indefinite in outline. The reticular masses usually have an irregular or 
frayed periphery. Greatly distended nuclei may contain a large number 
of rounded globules of uniform size, which in some instances show a 
tendency to vaeuolation, or in others may possess deeply staining (renters. 
These inclusions often contain masses of deeply stained material, evidently 
the chromatin of the epithelial cells. However, vaccine lesions of the 
skin, the cornea, and the mucous membrane of the lip, nose, and soft 



337 


palate, taken at all stages of the process from its beginning: up to the 
time of repair, fail to show the presence? of the specific nuclear bodies 
found in variola. Two primary vaccine lesions from a native child, 
obtained at 5 and 7 days, respectively, after vaccination, present no 
nuclear forms such as are found in variola lesions. 

TUB OCOUHlUiNCt: OF CYTOUYCTES VAIUOL/E IN 1'ltlMAUY VAKIOLA LESIONS. 

Primary lesions produced by the inoc ulation of Philippine monkeys 
(M. cynomologus) with variola virus are constantly associated with the 
cytoplasmic forms. The distribution of these forms in variola skin 
lesions differs in one respect from their distribution in vaccine lesions of 
the skin. In the process which is present beneath the epithelium in the 
primary variolation, and which involves the dermis and subcutaneous 
tissue, eytoryetes are present in large numbers. They arc found with 
endothelial cells in .siin within the vessels or lying in the adjacent tissue. 
The endothelium of blood vessels as well as lymphatics is thus affected. 
Three Java monkeys (M, nancnslrinns) afforded skin variola lesions of 
a peculiar type. The process affects but a small area of the epithelium, 
while? the dermis and subcutaneous tissue show an extensive lesion. 
Cytoplasmic forms are present in the endothelial cells found in this 
region, also in sections in which they are* not demonstrable in the 
epidermis. • 

The time occurrence of the* cytoplasmic forms is practically identical 
with that in vaccine lesions of the skin. They are present in lesions of 
IS hours, and in some* instances in those of hours’ duration. They 
usually disappear from the lesion days after inoculation, hut occasion¬ 
ally they are* found subse»e|ucnt to this in small foci. Their distribution 
in the? epithelial portion of tin* lesion is similar to that in vaccine lesions. 
The nuclear forms of evtoryctes are* found in the* majority of lesions 
resulting from variolation of the skin of both the* Philippine* and the 
Java monkey. In no case* are these* forms numerous. In many the* 
study of a single section through the* lesion reveals one* of several of the*se 
forms. A prolonged search through a great many sections is necessary 
in other cases to find a single* typical nuclear form. They are* usually 
founel in cells forming the* floor of the* vesicle nr in those of the hair 
follicles wlie*re the.* ele»ge*ne*ration ol e*e*lls is advaneeel. Associated with 
the typical nuclear forms are* other inclusions which, however, are not 
specific to variola. The»se appe*ar as masses ol stringy reticulum, hyaline* 
bodies, granule's, and globule's within the* nuclei, similar to the? forms 
already ele*scrih(*d in vaccinia. They may include portions of the nuclear 
chromatin and may all he duplicated in vaccine lesions, hut an* not 
nearly so abundant there? as in the variola lesion. The reaction of these 
structure's to the eosin-methylcne* blue stain is apparently identie*al with 
that of the specific nuclear forms. 

In the skin variolations, hyaline masses within the nuclei may show 
a tendency to vaeuolation or they may have definite* rings embe?dded in 



338 


their substance. Intranuclear forms of eytorcytes were found in vario- 
lations of the skin from 3 to 8 days after inoculation. As they were so 
uncertain in their occurrence one could not well judge at what time they 
were most numerous. In all cases they were preceded by the cytoplasmic 
forms and were never found without these. 

In primary variola lesions of the orang-utan taken (>, 7, and 8 days 
after inoculation, nuclear forms are very abundant. A variety of both 
the specific forms and the nonspecific reticular and hyaline bodies may 
be found in a single section. In this respect the skin variola!ions in 
the orang-utan differ greatly from those of the two species of monkey 
employed, which show relatively few nuclear forms. Cytoplasmic forms 
are present in these variola lesions of the orang-utan. Their distribution 
is similar to that in the preceding species. 

In the lesions following variolation of the monkey's cornea the cyto¬ 
plasmic forms are constantly present but never the nuclear forms. The 
cytoplasmic forms appear rather more numerous than in vaccinations of 
the cornea, probably on account of the retention of the epithelium. They 
are found in lesions of 21 hours after inoculation and are present in those 
of 11 days' duration, beyond which time we have no material. This non¬ 
occurrence of intranuclear forms is probably due to physical conditions. 

In the primary inoculations of the lip, the nose, and the palate the oc¬ 
currence and distribution of both cytoplasmic and nuclear forms are 
essentially the same as those found in skin variolations. In one instance 
the nuclei of the nose lesion were filled with the nonspecific eosin-staining 
inclusions, but there were but few typical intranuclear bodies. 

In lesions of the trachea produced by inoculation with variola virus 
cytoplasmic forms are present. In one case a specific variolous pneu¬ 
monia accompanied the inoculation of the trachea and cytoryetes were 
present within the epithelial cells lining the alveoli. In this case the 
process appears to have extended from the bronchus into the lung sub¬ 
stance. 

Tins OCCUItUENCK UE OV TO U VOTES VAKIOL.E IX EX A XT 11 KM LESIONS. 

A general eruption followed the inoculation of various sites upon the 
body with variola virus. Eruptions were produced by the inoculation 
of the skin, the cornea, the mucous membrane of the lip, nos* 1 , and palate, 
the trachea, and bv intravenous injection of variola virus. The lesions 
of the eruption appear after periods of from (> to 10 days subsequent to 
inoculation. 

Cytoplasmic forms are found constantly in these eruption lesions, 
excepting in those* in which repair is advanced. Except in the exanthem 
resulting from intravenous injection, the specific nuclear forms are 
rare*. However, they are found in the exanthem following skin inocula¬ 
tion in several eases, and it is probable that by a study of a greater 
number of lesions and a longer series of sections they would be shown 
to occur in a large number of cases. The exanthem following intravenous 
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injection furnishes a greater number of nuclear forms than any other 
experimental lesion, with the exception of the primary lesion of variola 
inoculata in the orang-utan; in this respect it approaches the character 
of the variola vera eruption in man. 

Besides the lesions appearing as an eruption on the surface of the 
body following inoculation with variola virus, similar ones may appear 
on the mucous membranes, or in more remote organs. Following tin* 
inoculation of the tracheal epithelium of a monkey through an incision 
in the neck, there was not only a profuse eruption upon the skin, but like¬ 
wise upon the mucous membrane of the mouth, cheek pouches, and oesoph¬ 
agus, and also in the seminal vesicles. In all these lesions the cytoplasmic 
forms of cytoryetes are present. 

THE OCCUltHENCE OF CYTOKYCTKB VAHIOL.E IN REINOCULATIONS. 

In many animals which had been inoculated upon the skin with 
variola virus, a subsequent inoculation of the cornea with variola or 
vaccine virus resulted in a typical reaction. The corneal lesions in 
these eases contain eytoryet.es which can not be distinguished from those 
of the lesions of first inoculations. 

Lesions produced by the inoculation of dried smallpox or vaccine virus 
appeared later and ran a milder course than was the case with fresh 
virus. In these lesions cytoryetes were present in small numbers, this 
apparently being due to the limited area affected. They were morpho¬ 
logically identical with those occurring in other lesions. 

SUMMARY AND CONCLUSIONS. 

(1) The cytoplasmie forms of Cjflon/ctes variola* are found constantly 
in all specific lesions resulting from inoculation with variola or with 
vaccine virus. They appear in the primary lesions of both variola 
inoculata and vaccinia soon after the inoculation. They persist in the 
primary skin lesions for about 8 days after inoculation, at which time 
immunity is established and repair is beginning. In variola inoculata 
the exanthem as well as the primary lesions contain cytoplasmic forms. 

(2) Intracellular forms are found within the epithelial nuclei in 
lesions resulting from the inoculation of the monkey with variola virus 
and do not occur in vaccine lesions. These structures are specific for 
variola. Other nonspecific, nuclear inclusions occur in vaccinia, in 
variola, and in other nonrelated processes. 

(3) The nuclear forms of cytoryetes, which are found only in small 
numbers in the primary skin lesion of variola inoculata in the monkeys 
(M. cynomologuH and M. ttemenslrinu*), are present in far greater 
numbers in the corresponding lesion of the orang-utan. 

(4) Nuclear forms were only occasionally found in lesions of the 
general eruption following the inoculation of the skin of the monkey 
with variola virus, but were very numerous in the eruption which 
followed the intravenous injection of variola virus into the tail vein, 
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with subsequent amputation of the tail proximal to the point of inocula¬ 
tion. This eruption resembles in this, as well as in other respects, the 
eruption of variola vera in man. 

(5) The cytoplasmic forms of cytoryctes are constantly associated 
with variola and vaccinia in whatever portion of the body the lesions 
may develop. Thus they are found included in a variety of cells, the 
squamous epithelium of the skin, the cornea, the mucous membrane of 
the nose, oral cavity, and oesophagus, the cells of the sebaceous and 
Meibomian glands, the epithelium of the conjunctiva, the columnar 
epithelium of the nose, trachea, and seminal vesicle, the epithelium 
lining the alveoli of the lung, endothelial cells, and connective-tissue 
cells. 

(f>) The occurrence of cytoryctes in the cells of the corium, and 
especially within the endothelium of vessels, suggests a possible method 
of dissemination of the organism in the production of the exanthem. 
However, endothelial cells containing cytoryctes were also found in a 
few instances in vaccine lesions, a form of the disease never accompanied 
by a general eruption. 

(7) The occurrence and distribution of the specific inclusions is best 
explained by the hypothesis that they are parasites, and that as such they 
are the cause of the disease. 
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Part V. 


ON THE REACTION OF VARIOLA VIRUS TO CERTAIN 
EXTERNAL CONDITIONS. 


Introduction .—In the experiments described in the other parts of 
this report we have been engaged with the reactions of the inoculated 
animal to the contagium of smallpox and of vaccinia. In this section 
we propose to emphasize the changes which the contagium itself under¬ 
goes under certain experimental conditions. 

The contagium of variola is demonstrable in the specific skin lesions 
of human smallpox and in the lesions produced in various animals by 
inoculation with such material. The proof of the presence of the con¬ 
tagium depends upon the results of tin; inoculation of a suitable animal 
with the suspected material, as no cultural or micro-chemical technique 
has been devised which permits of the certain identification of the 
organism, save in sections of the specific lesion. This being the case, 
we have only limited criteria for estimating the quality of a given sample 
of virus. lly inoculation of the monkey we ean determine whether or 
not the virus will produce the typical variolus lesion, and if it does do 
so, we ean classify the lesions produced by different strains of virus 
according to the course of development of the primary lesion, the 
occurrence and extent of the exanthein, and the degree of constitutional 
reaction. From these data we may draw certain inferences as to the 
quality of the samples of virus tested. We give below the results of 
such tests of various samples of virus which had been treated in such 
wise as to modify their properties. 

fa) The effect of keeping upon canola virus.- -So. 71. A sample of virus col¬ 
lected from n case of smallpox, at autopsy, in the pustular stage, produced a 
positive reaction when inoculated on the abdomen of a monkey {M. cgnomologus ). 
The virus was placed in an ice box where it was exposed to a varying temperature, 
which at times reached many degrees above freezing. Fifty-seven days later the 
virus was found to have a putrid odor, lnoeiilntinns on the abdomen of a mon¬ 
key and on the cornea of a rabbit yielded no reaction of any sort. 

Another sample of virus became putrid after a few days keeping, yet yielded 
typical takes when inoculated on the monkey's skin. On many occasions vesicle 
contents, sealed in capillary tills** and kept on ice, was found potent after three 
weeks. 

No. 44. Variola disks collected from eases of the epidemic in Boston during 
Kebruury. 11102, were tested sixteen months later. The material had been 
subjected to the high temperature of the steamer's hold during the? journey across 
the Pacific. Inoculations on the monkey's skin and on the rabbit's cornea were 
negative. 
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No 48. Vesicle contents collected from a case in the Philadelphia epidemic dur¬ 
ing January, 1902, sealed in capillary tubes and exposed to the same conditions 
as the Boston disks, was found inactive when inoculated on the rabbit’s cornea 
4 months later. 

(ft) The effect of drying upon variola virus. —This series of experiments was 
undertaken to test the resistance of variola virus to drying at room temperature. 
For comparison, parallel experiments were made with vaccine virus. 

The ends of a number of glass rods were coated with a thin film of vesicle con¬ 
tents from a case of smallpox. Similar preparations were made from the five- 
day vaccine lesions of a calf. The rods were at once put into sterile test tubes, 
closed with cotton plugs, and kept at room temperature. 

After two weeks the rods coated with vaccine virus produced typical lesions 
on the monkey’s skin when rubbed upon a fresh scratch. The rods coated with 
variola virus were inactive. After three weeks the variola rods were again tested 
and found inactive. A final test of the vaccine rods three and a half wrecks after 
preparation showed them to have also become inactive. 

(o) The effect of passage through the Uerkefeld filter upon variola virus .—A 
sample of variola virus (No. 199, vesicle contents) was shown to be active when 
inoculated upon the skin of monkeys. A portion of the virus was filtered through 
a small Bcrkefeld filter, “N”. The filtrate was inactive when inoculated on the 
skin of 2 monkeys and on the cornea of 1 rabbit. The monkeys used in this tost 
were later shown to be susceptible to skin inoculation with variola virus. The 
unfiltered portion of virus No. 199 was shown to bo active for many days after the 
test of the filtered portion. 

(d) The effect of glycerin upon variola virus .—In a previous publication 11 we 
stated that we had found variola virus to be rendered inactive by mixture with 
glycerin. The following tests were made to control the results of our preliminary 
experiments along this,line: 

No. 252. A large amount of variola virus (vesicle contents) was collected from 
a case of smallpox at autopsy. The material was put on ice and after 24 hours a 
portion of it Was mixed with 00 per cent glycerin in the proportion of 1 part virus 
to 3 parts glycerin. The mixture was thoroughly shaken and kept on ice. The 
glycerinated virus Was tested from time to time by inoculation on the monkey’s 
skin. 

No, 255. Monkey inoculated on the abdomen with the glycerinated virus after 
3 days on ice. A typical primary lesion developed, but its evolution was some¬ 
what delayed. An exanthem consisting of 2 typical lesions appeared on the 
tenth day. 

No. 273. Monkey inoculated on the abdomen with the glycerinated virus after 
11 days on ice. A typical primary lesion developed and was followed by an 
exanthem consisting of 3 small vesicles on the tenth day. 

No. 318. Monkey inoculated as before, with glycerinated virus which had been 
on ice for 26 days. A typical primary lesion developed which was delayed in its 
evolution and was not followed by an exanthem. 

No. 363. Monkey inoculated as before with the glycerinated virus which had 
been kept on ice for 50 days. The primary lesion was typical but delayed in its 
evolution. No cxanthcni developed. 


" Jour . Med. Research, 11, 296. 
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( e ) The effect upon a strain of variola virus of repeated passages through the 
monkey .—No. 200 virus. A series of 5 monkeys was inoculated with this strain 
of virus, each animal save the first being inoculated with curettings of the 
primary lesion of the previous monkey of the series. Typical primary lesions 
developed on each animal. The oxnnthcm was profuse after the first and second 
serial inoculation, hut was sparse in the third and fourth animal. The strain 
was transferred to 2 additional monkeys from the primary lesions of the second 
monkey of the series, and in each of these animals an atypical primary lesion 
developed, but was not followed by an exantbem. After the third serial transfer 
the strain was inoculated on another monkey, yielding an atypical primary lesion 
followed by a sparse eruption. A transfer from the primary lesion of this animal 
resulted in an atypical primary lesion and no exanthem. 

A series of 4 monkeys was inoculated by transfer of virus from the exantbem, 
beginning with the second animal of flic first series described. Each animal 
showed a typical primary lesion save the last, in which the process whs somewhat 
delayed. A profuse exanthem developed in each animal. 

The strain was inoculated at each transfer of the above series to another monkey 
and in each case yielded an atypical primary lesion. The first transfer was fol¬ 
lowed by a moderately extensive exanthem. 

The second animal of the series of inoculations with the virus from the exnn- 
them was used as a source of virus for testing the immunity of certain monkeys. 
The contents of the primary lesion was employed. Three animals inoculated 
with this virus developed typical primary lesions, which were followed by a sparse 
general exanthem. 

No. 199 virus. This strain of virus was carried through one nrnng-ut.au and 
two monkeys. The lirst monkey showed a typical primary lesion and a profuse 
exanthem. The second monkey did not react to the inoculation. 

The time of the occurrence and the evolution of the exanthem in all the 
monkeys of these experiments was similar to that seen in animals inoculated with 
fresh human variola virus. 

SUMM ARY. 

(1) A variola virus (vesicle contents and disk) lost its power to 
produce a specific lesion upon the skin of the monkey after prolonged 
exposure to high temperature, to putrefaction, and to desiccation. 

(2) A sample of variola virus lost its power to produce a specific 
lesion on the monkey's skin and on the rabbit’s cornea by passage 
through the “N” Berkefold filter. 

(3) A sample of variola virus retained its power to produce a 
primary lesion, but lost its cxnnthem-producing properties after exposure 
to GO per cent glycerin for 50 days. 

(4) A strain of variola virus showed less ami loss power to cause a 
typical primary lesion on the monkey and a waning exanthem producing 
potentiality after repeated passages through monkeys. 

discussion. 

The reaction of vaccine virus to drying and to the action of glycerin 
has been carefully determined by those who have charge of the prepara¬ 
tion of vaccine for protective inoculations against smallpox. It is u 
matter of common knowledge that vaccine retains its potency for a 
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comparatively long time in the dry state. Our experiments with variola 
virus are not very extensive and we hesitate to draw broad conclusions 
from them, hut so far as they go they show that variola virus is less 
resistant to drying than vaccine. This whole question of the comparative 
resistance of the two sorts of virus to physical conditions is unsettled 
and preseuts an attractive field for study. 

In our earlier experiments we found that variola virus did not retain 
its potency in the presence of GO per cent glycerin. As the results of 
our later experiments upon this point show variola virus will resist the 
action of glycerin for a considerable period, we are inclined to believe 
that our first experiments were done with a glycerin which was not 
absolutely neutral, blit that the inactivation of the virus was due to 
an acid in the glycerin and not to the action of the pure reagent. The 
loss of the power to develop an exantlicin after prolonged contact with 
glycerin is of interest and should be made the basis of further work. 
It is important to determine whether this loss is associated with any 
change in the development of the two cycles of the parasite. 

The question of the passage of the variola and vaccine eontagium 
through the filter has been the subject of a certain number of experiments. 
We have only one observation to record upon this, which shows that the 
organism is held hack by the tiller. It is to be noted that this inactiva¬ 
tion of the virus by filtration was tested by skin inoculations on the 
monkey and did not exclude the presence of diffusible eontagium in the 
filtrate. 

The influence of serial transfers upon the variola virus is shown in 
our series. This demonstrates that the virus tends to die out when 
transferred from monkey to monkey. This is in contrast with the 
stability of a strain of vaccine on an animal. 

The question of the relative virulence of different strains of virus 
requires for its intelligent discussion the criteria for judging of the 
virulence of a given virus. In the case of variola virus the reactions of 
the animal inoculated consist in the development of a local lesitfn, the 
production of an exanthem, the tumefaction of the lymph nodes, and 
in some constitutional disturbance. The two former present many 
degrees of variation and seem most suitable as a basis for judgment as 
to the virulence of the virus inoculated. We can distinguish between 
various reactions at the site of inoculation and classify them as typical, 
atypical, abortive, etc. We can observe the occurrence, the extent, and 
the evolution of the exanthem. If we had only the virus to consider, 
we should classify our different strains or samples of virus according to 
the degree of local reaction at the site of inoculation and the nature of 
the exanthem. However, such a direct interpretation is impossible, as 
we must take into consideration the degree of natural immunity of 
the animal chosen for inoculation to a virus. In order to estimate this 
element it is necessary to compare the results of the inoculation of 
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several animals with the same sample of virus. If the majority of the 
animals yielded atypical or abortive lesions, we should be warranted in 
saying that the virus was avirulent. If, on the other hand, a majority 
of the animals gave typical lesions, we should classify the virus as 
virulent. 

Applying this test to all our experiments, we find that certain strains 
of variola virus w'e have used may bo classified as virulent and others 
as avirulent. We may also say that the transfer of a strain of variola 
virus from one monkey to another tends to reduce its virulence. It 
also seems to be the case that drying, either in the course of the disease, 
os in the formation of the crust, or artificially, reduces the virulence. 
In the same way, exposure to 60 per cent glycerin lowers the virulence. 

This brings up the question of the nature of the difference between 
variola and vaccine virus. The two strains of virus may he said to bear 
a relation of virulence and avirulence to one another, so far as the results 
of our experiments go. However, there is an important difference 
between the two eontagiums which we have not been able to bring out 
experimentally hut which is a matter of common knowledge. This 
difference may he put as follows: Vaccine produces a local lesion at 
the site of inoculation, hut no exanthem, and is not air-borne; variola 
produces a local lesion at the site of inoculation, an exanthem, and is 
air-borne. 

The occurrence of an exanthem and of an air-borne contagium still 
needs explanation. In the extenuation of a strain of variola virus we 
see that the exanthem-produeing potentiality is lost before the virus 
becomes entirely inactive. Variola virus which has lost its power to 
produce an exanthem has practically no points of difference from a 
vaccine virus, so far as its reactions on the monkey are concerned. 
Whether or not it has in fact become a vaccine virus could only be 
determined by inoculations and by exposure experiments with human 
beings. Such procedures are of course impossible and the solution of 
the problem must await the findings of an experimental animal in 
which variola vera can be produced under the same conditions which 
produce the disease in man. 

CONCLUSIONS. 

(1) Variola virus is less resistant to desiccation than vaccine virus. 

(2) Variola virus does not pass through the W N” Berkcfeld filter. 

(3) Variola virus is attenuated by long exposure to 60 per cent 
glycerin. The virus so treated loses its power to produce an exanthem 
when inoculated on the skin of the inonkev (il/. cynomoloyns). 

(4) Variola virus tends to die out when passed repeatedly through the 
monkey. The exanthem-produeing power is lost before the virus has 
become incapable of producing a primary lesion. 



ILLUSTRATIONS, 


PLATE I. 

Fig. 1. Variola inoculata in the orangutan (tfimia satyrus). Lesion at the site 
of inoculation. Duration 0 days. Wide spread vesicle formation ex¬ 
tending outward from the inoculation wound. 

2. Variola inoculata in the orang-utan (Simia satyr us). Lesion at the site 
of inoculation. Duration 7 days. Vesicle contains more fluid than 
before. Multiloeular character of lesion well shown. False vesicle 
formation to the right of the inoculation wound. 

Plate II. 

Fig. 1. Variola inoculata in the Philippine monkey (Macacus cynomologus). 

Lesion at the site of inoculation. Duration fi days. Dark mass in 
center is the crust. On either side there is vesicle formation and at 
the periphery of the lesion thickening of the epidermis. Marked crdemii 
and cellular infiltration of the egrium beneath the lesion. 

2. Variola inoculata in the Philippine monkey ( M. cy noma log us). Lesion 
of the exanthem ill the skin of the palm of the hand. The lesion is 
well advanced in the process of healing. 

Plate III. 

Fig. 1. Variola inoculata in the Philippine monkey (If. cynomologus). Lesion 
of the exanthem. Vesicular stage. Well-marked cellular infiltration 
about the vessels of the coriiim. 

2. Variola inoculata in the Philippine monkey (If. cynomologus). Lesion of 
the exanthem. Pustular stage. 

Plate IV. 

Variola inoculata in the Philippine monkey (If. cynomologus). Lesion of 
tin? exanthem in cheek pouch. Animal was inoculated in the trachea. 
Variola inoculata in the Philippine monkey (If. cynomologus). Focal 
lesion in the seminal vesicle, of the nature of an exanthem. From same 
animal as in fig. 1. 

Plate V. 

Fju. 1. Variola inoculata in the Philippine monkey (If. cynomologus). Lesion at 
the site of inoculation in the nose. The process in a stratified 
epithelium. 

2. Same as fig. 1, hut inoculation is on a columnar epithelium. Note the 
cellular infiltration of the submucous tissue. 
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Plate VI. 

Flo. 1. Variola inoculata in the Philippine monkey ( M. cynomoloyua ). Legion at. 

the Hite of inoculation on the trachea. Well-marked, tongue-like pro¬ 
jections of the epithelium due to swelling and proliferation of the epi¬ 
thelial ccIIh. This stage proceeds one in which the surface becomes 
denuded of epithelium. Duration 0 days. 

2. Variola inoculata in the Philippine monkey (.If. cynomoloyua ). Variolous 
lesions in the bronchus and in the lung following inoculation of the 
trachea. Variolous bronchitis and variolous pneumonia. Duration 0 
days. 

Plate VII. 

Flo. 1. Variola inoculata in the Philippine monkey (.1/. cynomoloyua ). Proto¬ 
plasmic phase of Cytoryctca variola' in the epithelial cells of the alveoli 
of the lung in a variolous pneumonia. 

2. Variola inoculata. in the Philippine monkey (.1/. cynomoloyus ). Proto¬ 
plasmic forms of Cytoryctcs variola• in the epithelial cells of the seminal 
vesicle. 

Plate VIII. 

Flo. 1. Variola, inoculata in the Philippine monkey (.1/. cynomoloyua ). Cytoryctcs 
variola\ protoplasmic forms in the epithelium of the trachea. 

2. Variola inoculata. in the Philippine monkey (If. cynomoloyua). Proto¬ 
plasmic form of Cytoryctcs variola • in an endothelial cell in a capillary 
beneath a lesion of the palate of li days* duration. (X 2000.) 
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to overlook the difference in color, which will be changed as soon as 
possible. 
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THE HISTOLOGY OF THE SKIN LESIONS IN VARICELLA.' 


By E. E. Tyzzek,* 


Although varicella is generally regarded as a disease of childhood, the 
following report deals entirely with the skin lesions in adults. These 
cases were observed among adult male Filipinos, inmates of Bilibid 
Prison, at Manila, P. I. 

Concerning the prevalence of this disease in the Islands, I could obtain 
but scanty information. In some localities it is recognized by the natives 
as a distinct disease and is called in the Tagalog “buluton tubig” or 
waterpox, to distinguish it from “buluton” or smallpox. In one of the 
provinces a native boy who showed the characteristic eruption of varicella 
was met, with his face pitted from a former attack of smallpox. 

The occasional occurrence of varicella in adults is generally accepted, 
although some eminent authorities claim never to have seen a case. 
Thomas (15) (16) states that he never saw a case in an adult and that 
eruptions resembling varicella in adults indicate variola. Von Qenser 
(6) has analyzed 29,250 cases of varicella and finds that 98.22 per cent 
occurred before the fifteenth year of life and 1.78 per cent between the 
fifteenth and sixty-first year. Race, climate and confinement in crowded 
prisons doubtless contribute* to make adults more susceptible to this 
disease. In the cases dealt with in this paper the diagnosis was definitely 
established by inoculation experiments and by the histological study of 
the skin lesions as well as by the clinical features of the disease. 

It was formerly a matter of controversy whether variola and varicella 
were etiologically identical and but different manifestations of one and 
the same infection. Hebra and certain others of the Vienna School have 

* The work on which this paper is based was carried^ on in the Biological Labor¬ 

atory of the Bureau of Government Laboratories at Manila. It was undertaken 
ill connection with an investigation upon smallpox which Dr. W. R. Brinckerhoff 
and X were carrying on at the time. 1 am indebted to Dr. Brinckerhoff for many 
valuable suggestions and for the interest which he gave to this work. The oppor¬ 
tunity for this study of varicella was afforded through the courtesy of Dr. Moulden, 
physician to Bilibid Prison. Funds were furnished by a grant of two Bullard 
Fellowships. * 

* E. E. Tyzser, M. D. f Assistant in Pathology, Harvard Medical School. 
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maintained that the two affections are identical, but most modern 
authorities are agreed that variola and varicella are two distinct diseases, 
produced by different infecting agents. The chief data bearing on this 
question, which the following cases present, are the occurrence of vaccina¬ 
tion or smallpox previous to the varicella attack. In a study of thirty- 
eight cases of varicella, three had the face deeply pitted by a previous 
attack of smallpox, and of this trio two also bore scars from recent 
vaccinations. Of the remaining thirty-five cases, thirty-two bore either 
recent, or both old and recent vaccine scars. There is no record of vaccine 
scars in the other three cases, but it is not improbable that, they had 
recently been vaccinated, for a general vaccination had been accomplished 
some time before these observations, on account of the occurrence of 
small pox in the prison. If the two diseases are identical, as is asserted 
by Hobra, it is difficult to explain why the severe form ns seen in variola 
vvra, as well as the oft-repeated vaccinations, should not protect against 
so slight a form as varicella. 

Varicella is recognized as an easily communicable disease, yet less is 
known concerning the mode of infection than is the case with smallpox. 
While some authorities believe that the disease is communicable from a 
day or so previous to the eruption up to the time of complete healing 
of the skin lesions, the presence of the infectious agent in the skin lesions 
has not conclusively been proved bv experimental inoculation. 

Inoculation of children with the vesicle contents of varicella has been 
tried in many instances but there is great discrepancy in the results 
obtained. Heim (7), Vetter (20) (21), Thomas (15) (16), Czarkert 
(2), Fleischmann (3) (4), Buchmiiller (1), Smith (12), and others were 
unable to produce the disease by inoculation. Fleischmann from his 
first series of inoculations concludes that it is not possible to produce 
either variola or varicella by the inoculation of varicella lymph. In seven 
inoculations done at a Inter date, he obtained a general eruption in one 
case and a local reaction in two. Buehmiiller gives a series of thirty 
inoculations with varicella. There was some local inflammation in 
children so inoculated and in one case a general varicella eruption. He 
regarded this as being a chance infection rather than the result of the 
inoculation. 

Opposed to those results are those of Hesse (8), Steiner (13), d’TIeilly 
(9), and others. Hesse made inoculations with varicella in one hundred 
and fifteen cases, which resulted in a local reaction in seventeen, in a 
general eruption in nine, and was without result in eighty-seven cases. 
Hesse inoculated with purulent material and dried crusts as well as with 
clear lymph. Both Vetter and Thomas consider Hesse’s results of 
doubtful value: (a) On account of the possibility that his positive results 
were due to the use of smallpox lymph instead of varicella lymph; (b) 
some eases may have been due to spontaneous infection. Vetter asserts 
that the inoculations should bo done with the perfectly clear lymph of 
typical varicella vesicles and should not be performed during an epidemic. 
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but from sporadic cases of varicella. Kimer, who has critically consid¬ 
ered Hesse's work, concludes that only one of liis cases can be accepted. 

Steiner's results are, in the two cases which ho gives in detail, beyond 
question. He inoculated two children one 4 years old and previously 
vaccinated, the other 2 years and not vaccinated. Neither lmd had vari¬ 
cella previous to this time. He inoculated the upper arm with perfectly 
clear lyrnph from the vesicles of a case he considered to be undoubted vari¬ 
cella. Four days after the inoculation then* was elevation of temperature 
which increased, accompanied hy some constitutional disturbance, up to 
the eighth day when a typical varic ella eruption appeared. The develop¬ 
ment. of the eruption together with the symptoms lu* describes in full. 
The parallelism of the two eases as regards time of onset and eruption 
relative to inoculation makes spontaneous infection seem improbable. Tie 
had previously inoculated eight children with varicella with positive 
results in six, making a total of eight successful inoculations. Of the 
eight cases five had been previously vaccinated, so that it seems improbable 
that he dealt with a mild form of variola. 

The data furnished by d’Hcilly's inoculations are meager. He claims 
to have produced an eruption in two of the cases inoculated, one after 
ail incubation of three, the other after an incubation of seventeen days. 

We see hy this review that the attempts to produce varicella by 
inoculation show positive results in hut: few cases and some of these are 
not beyond question. 

The only animal inoculations which I have found recorded are those 
of Freyer (o) and of Park (11). Freyor collected the fluid contents 
of twenty grayish-yellow, clouded vesicles, and ground it in a mortar 
after adding a small amount of glycerin. With this mixture lie in¬ 
oculated a calf without result. Tin? calf was inoculated afterwards 
with vaccine Ivmph and reacted in a typical manner. Park inoculated 
two monkeys with varicella material with negative results. He points 
out the diagnostic value of this proceeding and cites a case in which 
it was used. 

The only account of the histological changes in the skin lesions in 
varicella is that of Unna (18) (19). Me takes up the changes occurring 
in the epidermis in the development of the vesicle and describes two 
types of cell degeneration which he designates “reticulating col liquation'’ 
and “ballooning” degeneration. His description of those may briefly he 
summarized as follows: 

1. 'Reticulating colliquation affects chiefly the older cells of the epider¬ 
mis; that is, the stratum spinosum and outer layers. The colls increase 
in size and in stained sections appear pale. This swelling may he 
followed either by a partial or total solution of the interior of the cell. 
The cell membrane, however, persists so that large cellular cavities are 
formed. If the softening of the interior of the cell is partial a coarse 
reticulum will he found, but if the softening is more complete the coll 





will appear as a hollow chamber within which is usually a small amount 
of granular coagulum lying either against the nucleus or against the cell 
wall. By the liquefaction of the interiors of cells with the persistence 
of the cell walls, a reticular appearance is produced. Both nucleus and 
cell wall finally react to certain stains in a manner similar to fibrin. 

2. Ballooning degeneration affects the cells at the base of the vesicle; 
that is, the Malpighian layer. The cells increase in size, lose their dense 
periphery and protoplasmic bridges. The nuclei become swollen, lose 
their network, the chromatin collects at the periphery, and direct nuclear 
division begins. He points out that in this case the stimulation to 
divide is from within the nucleus, and the centrosome and cytoplasm 
takes no part. Complete cell division is prevented by the early coagula¬ 
tion of the cytoplasm. Through this type of direct nuclear division, 
which takes place rapidly, large multinuclear cells are formed. Later in 
the process, material taking the diffuse stain appears within cells under¬ 
going this form of degeneration, and finally both cytoplasm and nucleus 
stain diffusely. Thus cells presenting the ballooning as well as those 
presenting the reticulating types of degeneration finally undergo a 
“fibrinoid” transformation. In varicella lesions the ballooning degenera¬ 
tion is a more prominent feature than the reticulating colliquation. The 
formation of the vesicle is accounted for by the penetration of fluid 
exudate into the epidermis entering into or seperating degenerated cells 
and forming spaces in the tissue which enlarge and tend to coalesce to 
form a single chamber. 

In this paper I report thirty-eight cases of varicella occurring in adult 
male Filipino prisoners. There had occurred in the prison about three 
hundred cases at the time the last observations were made and new cases 
were continuing to appear sporadically. Attention was first directed to 
them for the purpose of establishing a diagnosis. Several cases of 
smallpox had occurred in the prison previous to the appearance of this 
disease, so that it was at first important to determine whether a mild form 
of smallpox or a different disease was present. Later on a further study 
of the disease was made. This consisted of the inoculation of animals 
with the exudate from the skin lesions and of a study of the pathology 
of the skin lesions. 

In two cases first seen, a few lesions were present, scattered over the 
surface of the body. These consisted of elevated, flat-topped pustules 
which possessed a central crust; this in some cases was slightly depressed. 
They contained a whitish, semi-fluid exudate, evidently pus. There was 
but little induration at the base of the pustule and the entire process was 
quite superficial. The exudate was collected from several of these lesions 
and used to inoculate one monkey and two rabbits. All inoculations were 
made immediately after the collection of the exudate. 

Monkey No. 1 .—The skin of the belly was shaved and several shallow scratches 
were made and inoculated with the exudate mentioned above. Four days after 
the inoculation the surface of the skin was elevated and slightly opaque at certain 
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points along the scratches. One of these elevations was excised for histological 
study. Six days after inoculation there were small crusts situated upon the 
remaining scratches. These crusts were?-used to inoculate the corneas of rabbit 
No. 4. Nine days after inoculation, three small papules 2 mm. in diameter were 
present in the vicinity of the inoculation scratches. One such papule was excised 
for histological study. 

About a week subsequent to the last observation the monkey was inoculated 
with lymph from a case of variola in man and typical variola lesions developed. 

Stained parnflin sections of the skin excised four days after inoculation show 
the epidermis thickened over a small area, which is surmounted by a minute 
crust. There is no destructive process, only such >i condition as might occur in 
the repair of an ordinary scratch. The papule excised nine days after inocula¬ 
tion shows a loss of epidermis over a minute area which is covered by a very 
delicate crust. (Such lesions were later found quite frequently In instances where 
the animal’s belly was shaved and were regarded as minute abrasions from 
scratching.) 

Rabbit No. 2.--The eyes were, anaesthetized with two per cent cocaine solution 
and the exudate from the human skin lesions rubbed into shallow incisions made 
upon the cornea. The corneas appeared smooth after twenty-four hours and, as 
no process could be detected in the daily observations for a week following the 
inoculation, the animal was not killed. 

Rabbit No. 3 .—Both corneas were inoculated with the same exudate and in a 
similar manner as in rabbit No. 2. Tin* corneas in this case healed rapidly and 
no process developed subsequently. Animal not killed. 

Rabbit No. Both corneas were inoculated with the crusts obtained from the 
inoculation of Monkey No. 1. The corneas became nearly smooth in from twenty- 
four to forty-eight hours. The animal was killed three days after inoculation. 
In sections of the cornea there appeared a slight defect in the epithelium at the 
point inoculated, but no pathological process beyond that which might follow an 
ordinary injury was present. 

A number of cases subsequently appearing among the prisoners were 
seen at what was evidently an earlier stage in the development of the 
eruption. These presented full hemispherical or oval vesicles which were 
easily ruptured and which contained clear fluid. Certain other cases seen 
with these presented lesions with a central crust surrounded by a 
vesicular zone containing either cloudy fluid, or whitish semi-fluid pus. 
Exudate was collected from both sorts of lesions and used to inoculate 
two monkeys. 

Monkey No. J. -The belly wrm shaved and the clear vesicle contents mentioned 
in the text was rubbed gently into superficial incisions made at intervals upon 
this area of the skin. 

Another portion of the clear fluid was blown into the nostril of the monkey. 
This animal developed bo skin lesion although under observations for several 
weeks. 

Monkey No. 6 .—The skin of the belly was inoculated in a similar manner with 
the semi-fluid pus from the ciihch above mentioned. No lesions developed from 
this inoculation. 

The negative character of these inoculations indicates clearly that the 
disease is distinct from smallpox. The result was the same whether the 
pus or the clear fluid was used. The virus of smallpox, even when 
collected from the mildest eases, produces a typical process whether 
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inoculated on the skin of the monkey or the cornea of the rabbit. 
Furthermore, the clinical aspect of the disease, now that new eases were 
appearing, made the diagnosis of varicella already indicated by the 
inoculation results, certain. 

Before passing on to the description of the varicella lesions it may be 
well in this connection to give the results of some further experimental 
inoculations made at a later date. The fluid contents of vesicles was col¬ 
lected from three typical cases of varicella. Tn two cases the vesicles were 
perfectly clear, in the other one many vesicles were slightly clouded. 
The fluid collected was used to inoculate a series of seven rabbits. The 
mode of inoculation was first to anaesthetize the eye with a few drops of 2 
per cent cocaine solution so that it could be pressed gently from its 
socket and kept immobile while inoculating. In most instances two or 
three shallow parallel incisions were made across each cornea just deep 
enough to penetrate the epithelium. The fluid to be inoculated was 
then placed upon the surface and rubbed gently into the incisions. The 
rabbits were killed at twenty-four hour intervals after from one to six 
days and the corneas fixed in Zenker’s fluid. The seventh animal was 
allowed to live for an indefinite period. 

Rabbit No. 31 .—Both corneus wove inoculated with cloudy fluid from vesicles 
of case No. 32. Tlu* animal was killed twenty-four hours after inoculation; the 
corneal surface was nearly smooth. 

Rabbit A o. 38 .—Killed seventy-two hours after inoculation with vesicle from 
case No. 32. The corneal surface appeared smooth and without defect in epi¬ 
thelium. There was no conjunctivitis. 

Rabbit No. 39 .—The corneas were inoculated with clear lluid from vesicles of 
cases Nos. 34 and 35. Killed forty-eight hours after inoculation. The right eye 
showed murked conjunctivitis, and there were several minute whitish spots in the 
surface of the cornea. 

Rabbit No. J§0 .—The corneas were inoculated with clear lymph from cases Nos. 34 
and 35. Killed four days after inoculation. Corneal surface nearly smooth. 

Rabbit No. ^i.--Corneas inoculated with clear lymph from cases Nos. 34 and 35. 
Killed five days after inoculation. Corneas nearly smooth. 

Rabbit No. —Corneas inoculated with clear lluid from cases Nos. 34 ami 
35. Killed six days afterwards. Corneal surface smooth. No inflammation. 

Rabbit No. —Corneas inoculated with clear vesicle fluid from cases Nos. 34 
and 35. This animal was not killed. The incisions of the corneal surface 
healed rapidly after the manner of aseptic wounds and no apparent process devel 
oped during the fortnight in which the animal was kept under observation. 

In the histological study of the corneas of this series of rabbits nothing was 
revealed, with the exception of one case*, beyond the usual process of repair which 
follows an uninfected wound. In rabbit No. 30 one cornea showed a marked 
inflammatory process. Microscopically there were collections of bacilli growing 
in the depth of the incision and lielow the epithelium. The epithelium was thin 
and many cells were degenerated. The adjacent corneal tissue was infiltrated 
with leucocytes. 

In no case did the gross or the histological appearances of the inoculated 
cornea suggest a process beyond that of repair, except one case in which 
there was considerable inflammation. In the latter case the inflammatory 



changes were evidently caused by masses of bacteria growing in the 
tissue of the cornea. 

Grouping this bitter series of inoculations with those previously done, 
there were in nil nine rabbits inoculated upon tin* cornea, with the vesicle 
contents of varicella. Of these, five were inoculated with the clear, fluid 
exudate, two with the clouded fluid, and two with the semi-fluid pus; the 
latter material came from cases which, although at first considered doubt¬ 
ful, were unquestionably varicella as was proved by further observations. 
In no ease was the inoculation followed by any specific process. Three 
monkeys were inoculated u|m>ii the skin, one with clear fluid, and two with 
semi-fluid pus from varicella lesions; all gave negative results. 'Hius, up 
to the present time it has not been possible to produce any form of the 
disease in animals by the inoculation of vesicle contents of varicella. 
Although the data furnished by the inoculation of three monkeys is 
meager, yet the results stand in marked contrast to those obtained through 
the inoculation of monkeys with variola virus. 

Further study was directed to the pathological process concerned in 
the varicella eruption. As previously stated a study was made of thirty- 
eight cases and attention was paid to tin* development of the eruption and 
the general condition of the patient. A more critical study with daily 
observations was made of eleven of the more favorable cases. These were 
selected bceause they were seen soon after the first appearance of the 
eruption and were uncomplicated by the appearance of skin lesions other 
than varicella. 

Concerning the clinical features of the disease there was nothing 
presented more than mav he found in the text-hook descriptions. The 
eases were usually discovered within twenty-four hours after the appear¬ 
ance of the eruption. In some nf the severe eases there was considerable 
fever and constitutional disturbance, but in the majority there was no com¬ 
plaint of feeling ill. All degrees of severity were represented from 
mild cases in which there were not over a dozen lesions in the entire 
course of the* disease* to severe' one»s in which the lesions were thickly 
sprinkled over the* entire surface of the* body. Lesions were* present in 
either the palms of the* hands or the soles of the foot in twenty-seven of 
the? thirty-eight eases. The following case is given in order to convey 
an idea of the character of the disease. 

Cane A o. 8. Adult nmlo Filipino soon on Juno 2. Eruption appeared within 
last twenty-four hours. Fools ratlior ill. Ho presents two good soars from 
former vaccination. An eruption sonttorod over trunk, a mm. and logs, with only 
three lesions on fait*, oonsists of vesicles mat small roil macules. The vesicles are 
oval or hemispherical, superficial, tense, contain clear fluid, and are situated upon 
n reddened area of skin. The larger vesicles measure a I suit ;> mm., the smaller 
ones are barely discernible. They are easily ruptured. The macules consist of 
small, reddened areas of the skin, ill some eases slightly elevated but barely 
palpable. In some such areas there is a minute central vesicle, in others the 
center is a rough, slightly granular elevation. Certain lesions were marked for 
future observation. 
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June 8 .—Several of the vesicle* observed yesterday are now tdightly clouded. 
Many macules have developed vesicles and certain vesicles have increased in size, 
lesions numerous on back. 

June 4 ~ ~A great number of the vesicles have become clouded and arc no longer 
tense. Few new lesions have developed except a number on the hands. Soft 
palate presents three grayish erosions. Several lesions on the face have boon 
ruptured. Oue present in the scalp. 

Beneath a small collodion dressing on the chest is a group of clear vesicles 
following the outline of the collodion. 

June 6*.—Many of the vesicles have dried up and are represented by thin crusts. 
Others persist as flaccid vessicles containing cloudy whitish fluid. No new lesions 
have appeared since June 4. One lesion on trunk presents a depressed thin 
central crust and an elevated pustular edge. 

June 7.—Only three unruptured vesicles left on body. Mauy have disappeared 
or are represented by pale spots in the skin. In some cases where the remains 
of the vesicle have been removed there is a small, round, red area representing a 
defect in the epidermis. Around this is a pale, translucent zone, representing the 
new epithelium growing in to replace that destroyed in the lesion. 

June 8. —Healing has proceeded still further. Many of the crusts have been 
removed leaving white, rounded areas. 

Lesions were excised from the eleven cases at various stages from the 
earliest reddening of the skin through their entire development until 
healing was well advanced. The technique of incision is as follows: A 
fairly large-sized scalpel, which must necessarily be sharp, is ail that is 
absolutely necessary, although a pair of mouse-tooth forceps can bo used 
to advantage in certain instances. The fixing fluid should be already 
prepared and at hand. The skin is first washed with alcohol and sponged 
lightly with a piece of gauze or absorbent cotton to render it clean. The 
skin adjoining the lesion is pinched up between the thumb and forefinger 
so that the lesion is situated at the summit of the elevation. By holding 
the knife nearly flat with the surface of the skin, one cuts with a sawing 
motion beneath the lesion which, when removed, should be placed im¬ 
mediately in the fixing fluid. In certain cases when the skin about the 
lesion is not sufficiently loose to be pinched up by the fingers, elevation 
may be accomplished by seizing the skin near the lesion with the mouse- 
tooth forceps and then exicising. It is essential to work with a very 
sharp knife, otherwise the lesion is liable to become mutilated and the 
patient caused unnecessary pain. I would recommend this method for 
general purposes of diagnosis of superficial skin lesions, for the following 
reasons: It causes a very superficial injury amounting to scarcely more 
than a slight abrasion, which under ordinary conditions heals rapidly. 
By the thinness of the slice of tissue almost perfect fixation is obtained. 
By this method, in which the lesion itself is neither seized with forceps 
nor manipulated in any way, the topographical relations are undisturbed. 
The only objection to the method is that it can not be done without a 
certain degree of pain, for the injection of a solution of cocaine so 
distends the tissue that it may be impossible to acquire any conception 
of the original process which was present. The method of freezing the 



»kin before excision, sometimes used, is very objection able. The blood is 
destroyed and the tissue cells arc so altered that the subsequent staining 
is affected. 

The tissue was generally fixed in Zenker's fluid. Lesions were excised 
twelve hours, one, two, three, four, five, six, and seven days after the 
eruption was first noted by the patient. On account of the appearance 
of successive crops of vesicles, it was often possible to obtain early lesions 
bite in the disease so that the time interval, dated from the first appear¬ 
ance of the eruption, forms no index as to the stag<» of the process present, 
in order to acquire a more accurate knowledge of the development of the 
lesions, certain ones were ringed with indelible ink at their first ap¬ 
pearance and the subsequent changes noted. 

The following description of the process is based on a study of a 
series of lesions of the type which appears most constant, beginning with 
the earliest recognizable stage and taking up successive stages until repair 
is well advanced, in such a series of lesions the process is found to 
consist of changes occurring simultaneously hi both epidermis and corium. 
However, for purposes of description, first the changes affecting the 
epidermis and subsequently the change*; affecting the corium will be 
discussed. The same order will he followed in the description of the later 
changes which result in the repair of the skin lesions. Following this 
the more unusual forms of the lesion will he described separately. 

The earliest lesions are obtained by the excision of red spots which 
precede the formation of vesicles. The first change in the epithelial cells 
consists of a swelling both of the cytoplasm and of the nuclei so that the 
epidermis is considerably thickened over a small area. (PI. I, fig. I.) 
The process in the epidermis is ofeten not confined to a single center. 
It is common to find multiple distinct centers separated by normal 
epithelium, and multifile centers which merge one into another forming 
a conglomerate lesion. (PI. I, fig. #.) With the swelling of the cells 
the cytoplasm stains more faintly and becomes distinctly reticulated. 
The nucleus is also distended so that it appears large and hollow. These 
nuclei almost invariably contain one or several masses of eosin-staining 
material. The nuclear network and the chromatin masses are retracted 
away from this material so that it appears to occupy a clear space 
within the nucleus. There are constantly present in addition to the 
nuclear inclusions, small deeply staining, rounded masses, situated on the 
outer surface of the nuclear membrane, in the cytoplasm, or between the 
epithelial cells. A discussion of the cell-inclusions associated with this 
process will be taken up in a subsequent paragraph. 

Foreign cells occur here and there in the affected areas of the epidermis. 
From the study of the changes in the underlying corium, it seems prob¬ 
able that these are cells of endothelial origin which have migrated into 
the epidermis. In many instance these extraneous cells are found in 
portions of the epidermis where there are hilt few cells deviating from 
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the normal type. Thus very minute lesions of the epidermis are found 
in which no more than three or four cells show marked change. (PI. IV, 
fig. 21.) Some of the cells which have wandered into the epidermis arc 
in a state of good preservation and these often contain eosin-staining 
nuclear inclusions similar to those which occur in the epidermal cells. 
Others present various degrees of degeneration and many have become 
disintegrated. The small masses resulting from their disintegration may 
consist of either nuclear or cytoplasmic material, or both, and are readily 
distinguished. 

The cell changes in the epidermis following the initial swelling are 
progressive. Two types nmy he distinguished. In that termed by Unna 
“reticulating col liquation,” cither the interior of the cell liquefies or a 
space is formed within it, while the periphery persists as a dense mem¬ 
brane. Within such hollow cells the nuclei arc often collapsed, a condi¬ 
tion possibly produced by changes in the surrounding cell fluid. This 
form of degeneration is not so prominent, in the varicella lesion, as that 
next to be described. 

The term “ballooning degeneration" is given by Unna to certain 
changes resulting in the formation of large multinueleated cells with 
soft plastic cytoplasm. The first change is an increase in the size of the 
cell while the nucleus becomes large and vesicular; the nucleus then 
divides by direct division, and this process is rapidly repeated until a 
large number of nuclei are produced within the coll. The cytoplasm is 
basophilic, and in it a distinct reticulum appears. The limiting mem¬ 
brane and protoplasmic bridges of the cell become less distinct and after 
a time disappear. Such colls attain enormous dimensions. The nuclei 
are usually grouped in the centre of the cell, often so closely packed 
together that the opposing surfaces are flattened one against the other. 
These nuclei appear as hollow sacs with one or several masses of chro¬ 
matin peripherally situated, and with an eosin-staining inclusion in the 
interior of each nucleus. There is scarcely any indication of a nuclear 
network. In the presence of such a degree of amitotic division, it is 
nevertheless difficult to find nuclei caught in the act of division. The 
chromatin in some instances projects as a septum nearly across tin* 
nucleus. The dividing split passes directly through this projecting 
chromatin so that an approximately equal portion goes to each of the 
resulting nuclei. Although this would seem, from the common occur¬ 
rence of nuclei flattened against one another, to he the common form 
of direct division, yet it can not he considered to occur constantly in this 
process. Certain nuclei are dumb-bell shaped and the two portions are 
joined by a very thin filament. Some are tabulated and are apparently 
in the process of constricting off small portions of their substance which 
form accessory nuclei of varying size. This latter form of nuclear divi¬ 
sion is seen in a greater degree in the migrating (jells and in the endo¬ 
thelium lining the lymphatics of the cor i urn, than in the epithelium. 



With the progressive eel I changes in tin* epidermis, exudation becomes 
an important factor in the typical process. Kluid finds its way into the 
degenerated epithelinm and separates the degenerating cells so as to form 
spaces filled with fluid. In this manner the formation of tin* vesicle is 
begun. That the exudate sometimes breaks into hollow cells is proved by 
the occasional presence of free nuclei in the smaller chambers. The 
exudate mav at this early stage appear perfectly clear or it may contain 
a small amount of fibrin either in the form of a reticulum or of a granular 
precipitate. 

The continuous escape of the exudate* into the epidermis rapidly dilates 
the smaller chambers into a large* vesicle. In ease the lesion has 
developed from multiple centers, the various chambers are separated by 
septa and trabecula* which are prone to rupture on account of the rapidity 
of exudation. The chamber begins to form in the middle layer of the 
epidermis so that a portion of the stratum spinosum is lifted up with the 
horny layer to form the roof, while the Hour of the vesicle is at this stage 
wholly or partially covered with epithelial cells. 

At the sides of the \esicle and in flu* trabecula*, the cells become 
elongated and stretched through the pressure of the exudate. With tins 
cells thus stretched, the epithelial fibers of Hcrxhcimcr become prominent. 
It seems evident that there is an actual production of fibers coincident 
with tiie swelling and stretching of the cells. They appear as straight 
fibers, with tapering ends, extending lengthwise over the surface of the 
epithelial cells. In some; cases the cells become torn from their original 
attachment and the libers then released take* on a spiral or crinkly form. 
(PI. II, lig. 10.) They vary much in thickness and when* cells lie. fret* 
in the vesicle contents they often extend directly into the cell and 
terminate against the nucleus. 

Lying free in the vesicle contents or in groups over the floor of the 
vesicle and along the trabecula* arc epithelial cells showing various forms 
and stages of degeneration, prominent among which are the large multi- 
nucleated cells resulting from the so-called “ballooning degeneration." 
These cells now present further degenerative; changes. The protoplasm 
is often condensed into a membrane about the nucleus or the group of 
nuclei. External to this membrane the cytoplasm is very soft in ap¬ 
pearance, being composed of a delicate reticulum. In this delicate por¬ 
tion, deeply stained granules or masses appear. On the surface of such 
cells there are sometimes globular or elongated masses staining faint 
blue, which radiate from the cell like the petals of a flower. In many 
cases the uniformity of these bodies and their arrangement is suggestive 
of some sort of an organism. After studying a number of cells of this 
type, the observer is convinced that the masses are pseudo podia-like pro¬ 
jections from the soft protoplasm or portions of it which have been 
constricted off. Til some cells the so-called “acidophilie” or “fibrinoid’' 
degeneration has become marked and the entire protoplasm appears 
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hyaline and deeply stained with eosin. The hyaline transformation 
makes its first appearance about the nuclei either in the form of a dense 
membrane or as irregular masses. 

Tim base of the vesicle in which there is an active exudation is almost 
invariably concave. The papillae are either totally obliterated or distorted 
through lateral distension. The epithelium in many cases persists 
between these papilla* for some time after it has been destroyed over the 
more exposed portions. The vesicles are in some instances multilocular 
but I he average one is unilocular and stands in marked contrast to 
the type of lesion found in smallpox. The common involvement of 
hair follicles and sweat ducts in the typical rounded vesicles indicates 
clearly that these structures acting alone do not produce umbilication. 

After the vesicles have become fully formed, other changes occur. To 
the naked eye the vesicles are flaccid and no longer tense, and the fluid 
is clouded. This condition may he seen three or four days after the 
first appearance of the eruption or it may even be present earlier. The 
evaporation and absorption are now more rapid than the out-pouring of 
the exudate. The fluid within the vesicle contains more fibrin than in 
the early stages and phagocytes which are attracted by the dead epithelial 
cells are beginning to appear. The roof of the vesicle, the trabeculae, and 
the cells of its lateral wall now take a diffuse stain and are apparently 
dead. The trabecula* are ruptured in almost every instance and their 
remains are to be found projecting downward from the roof of the 
vesicle. The former pressure of exudate has in many instances broken 
peripherally beyond the boundary of the original lesion so that irregular 
spaces are found. The large, rounded epithelial cells lying loose on the 
floor of the vesicle show various degrees of hyaline changes. Some appear 
dense and hyaline, others are stained hut faintly. The nucleus is either 
no longer apparent or is represented by irregular, deeply stained masses. 
Probably all the epidermis involved in the lesion is eventually destroyed. 

In some instances a portion of the epithelium which shows none of the 
cell changes that are characteristic of the process, is invaded by numbers 
of phagocytic cells. It is possible that such infiltration of a small focus 
of the epidermis represents the site of a minute process in which the 
initial cells changes have been obscured in the infiltration which has 
followed. The phagocytic cells invade the normal epidermis and arc 
found in varying number far from any well defined vesicle. Cause for 
their presence is not to be found in any injury to the epidermis. 

In all the early lesions a pathological process is constantly found in 
the coriurn. The first change noted is the presence of eosin-staining in¬ 
clusions situated usually in the nucleus, more rarely in the cytoplasm of 
cells. In what may he considered a very early stage in the process the 
eosin-staining inclusions are limited to the endothelial cells lining the 
small blood vessels. Later, when the process is well advanced, similar 
inclusions occur in a large proportion of the cells in the coriurn under- 



lying the vesicle and in almost every type of cell here represented. These 
inclusions are associated with cell changes similar to those already 
described in the affected epidermis. The nuclei become distended and 
tend to divide by amitosis without subsequent division of the cytoplasm. 
Therefore, early changes of this type an* found constantly in the eorium as 
well as in the epidermis of the varicella lesion. If seems probable that 
the changes in the eorium antedate those in the? epidermis, for they are 
always present and often well marked in the earliest and most minute 
lesions. 

Further changes occur in the eorium at first appearing chiefly in and 
around the blood vessels. The process in more advanced in the neigh¬ 
borhood of the epidermal foci, hut slight changes occur over much larger 
areas. The endothelial cells lining tin? small blood vessels present various 
degrees of proliferation as shown by the presence of numerous mitotic 
figures. Immediately around the vessels are collections of cells of which 
the most numerous have a large vesicular nucleus and more or less 
basophilic cytoplasm. It seems probable that these cells are of endo¬ 
thelial origin, arising from endothelial cells in the lympli spaces and 
vessels adjoining the blood vessels. hi favor of this view is the fact 
that numerous mitotic figures occur in the cells lining these lymph 
vessels. Later in the process these endothelial (tells become phagocytic. 
Mingled with these cells are a few lymphoid cells, and an occasional eosin- 
ophile, but the polymorphonuclear leucocyte is not represented. 

In addition to the early cell changes already described, more advanced 
degeneration is found in cells in t he vicinity of the affected vessels. The 
degeneration is not general; only scattered cells are affected. In some 
instances ail entire cell appears hyaline and stains intensely. In other 
colls a form of nuclear fragmentation has taken place and the chromatin 
is scattered throughout the cell in the form of minute deeply stained 
globules. Portions of disintegrating cells are found occasionally. The 
destruction is often so far advanced that it is impossible to determine, in 
single instances, the type of cell affected, but it seems certain that the 
cells previously described as of probable endothelial origin are frequently 
destroyed. Changes in the eorium like those already described are found 
in all early lesions. 

In lesions taken at a later stage, during the formation of the vesicle 
in the epidermis, a more extensive process is found in the eorium. The 
endothelial cells, although still most numerous about the blood vessels, 
are not confined to this locality. Large numbers are found scattered 
through the eorium beneath the affected epidermis; however, the number 
of these cells migrating in the tissue varies considerably in different 
lesions. 

It is not uncommon to find the capillaries and small vessels dilated 
just beneath J the vesicle. The lymphatics also are dilated in some 
instances but, with the exception of those which occur immediately about 
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the blood vessels of the lesion, there seems to be no noteworthy change 
affecting them. 

In some lesions a great proportion of the cells in the cerium below the 
vesicle present those peculiar changes characterized by the presence of 
oosin-staining nuclear inclusions and direct nuclear division. The cells 
are tranformed to such a degree that it is often impossible to decide to 
what type certain ones belong, but it is evident that nearly all varieties of 
cells are affected including endothelial cells, both in siht upon the vessel 
wall and free in the tissue, connective tissue cells, pigment cells, and 
eosinophiles. The nuclei become swollen, irregular, and lobulated, and 
segment irregularly into smaller nuclei, often of unequal size. The 
cytoplasm is increased to such an extent that cells of relatively enormous 
size are produced. When such large cells are of connective tissue origin, 
the cytoplasm presents irregular branching processes. Occluded blood 
vessels were found in several instances. The occlusion was due to the 
presence of large multinueleated cells within the vessel, in another 
instance a group of largo multinueleated cells extended through sixteen 
sections (eighty lnicromillimeters) of the tissue in close relation to a 
blood vessel. It. would seem that large multinueleated cells occasionally 
develop from the endothelium of the blood vessels and lymphatics involved 
in the lesion. 

Later in the process phagocytosis becomes a prominent feature. The 
endothelial cells are found in varying numbers in the cavity of the vesicle 
where they are engaged in devouring the remains of epithelial cells. 
That portion of the corium which forms the floor of the vesicle is 
infiltrated with these phagocytic endothelial cells. Phagocytosis is found 
in a greater or less degree throughout the corium of the lesion. At this 
stage small numbers of polymorphonuclear leucocytes are present in the; 
corium. On the other hand, if bacteria have gained entrance, poly¬ 
morphonuclear leucocytes are found infiltrating the tissues in great 
numbers. Their appearance seems to he of the nature of a secondary 
phenomenon rather than an essential part of the process. 

In the majority of lesions the active process ends soon after the destruc¬ 
tion of the involved portion of the epidermis is completed. Many of the 
resulting necrotic epithelial cells appear either as dense hyaline or as 
faintly stained masses both free* in the exudate and along the floor of 
the vesicle. Phagocytic cells are present in varying numbers but then* is 
usually a large number present in the cavity of vesicles of four days 
duration. Tn the uncomplicated process, polynuclear leucocytes arc 
relatively rare even in the older vesicles. When the destructive process 
is at an end, the demarcation between the living and the necrotic epi¬ 
thelium becomes distinct. The former grows inward over the floor of 
the vesicle, following the surface of the papilla?. This rapidly growing 
epidermis presents the same characteristics as that growing over any 
defect. The absence of pigment in the newly formed epidermis accounts 



for tin* \vlritcn<*88 of romitly healed vnricella lesions in Filipinos. The? 
vesicle may persist, as such until the surface beneath is completely healed, 
or it may he ruptured and form a thin crust on drying. 

In the corium, the migrating colls gradually become reduced in num¬ 
bers, the infiltration about tlu* blood vessels is diminished, and with the 
repair of the defect in the epidermis the underlying tissue also returns 
to its normal state. 

Tn addition to the typical lesions upon which the description of the 
process has been based, certain other atypical lesions occur. 

Vesicle within vesicle .—In a certain percentage of the lesions there is 
a secondary extension of the lesion. After the vesicle is apparently well 
developed, it still remains tense and when seen on the following day, an 
increase in size is noted and the outline of the former vesicle is seen within 
the large lesion. The original vesicle is clouded and opaque, while the 
newly formed one is clear. 'This condition is brought about by the 
leakage of fluid from the cavity of the original vesicle, into the horny 
layer which it splits. (PI. Ill, fig. 15.) It; seems probable that the 
larger blobs and bulla* sometimes met with in these cases arc formed in 
this way, as they appear to be very superficial. 

Dry or abortive lesions .—In a small number of lesions there appears 
a marked localized degeneration of the epithelial cells unaccompanied by 
any appreciable exudation. These lesions appearing as reddened, slightly 
elevated spots in the gross show microscopically a‘portion of the epidermis 
wholly necrotic, the cells of which are disassociated, stain rod, and are 
hyaline in appearance like those in the advance vesicle. Reticulating 
colliquation is not represented. Such lesions are simply lacking in fluid 
exudate. (PI. IIT, fig. Ifi.) This condition is difficult to explain, 
especially when eases occur in which a majority of flu* lesions develop 
in this way. A case illustrating this condition is as follows: 

Case A T «. 28, June 8 % t90b.—A Filipino, young adult, having two old vaccination 
hears. The eruption lmw appeared within the last twenty-four hours, and is 
scanty. It is papular on the face and mixed with acne. Several clear vesicles, 
, r ) (l millimeters in diameter in groin, few papules on legs. A vesicle 5 mil¬ 
limeters on anterior thorax, one 2 millimeters back of the shoulder, and a few 
small vesicles on arms ami forearms. 

June 9, id 04 .--Krupt.ion has increased and is scattered over the entire body. 
It consists of small reddened spots, the majority of which have a slightly 
elevated granular surface. None on hands or wrists. Face, rough and papular. 
Mouth negative. 

June 10, 190b .—The eruption is now profuse and simulates an early smallpox 
eruption. It. consists of small red j»apulcs two to four millimeters across, with 
granular tops. Some papules have at their summit a tiny vesicle in the center 
of a slightly roughened surface. A few dear, hemispherical vesicles have devel¬ 
oped. Lesions are profuse on face and trunk, scattered over arms and legs, none 
on palms. 

June 11 , 190b .—Very few papules have become vesicular. Many lesions have 
faded out and practically disappeared. Following this date no new vesicles 
appeared and those present healed rapidly. 
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Lemons in the hair follicles .—It is common for hair follicles to be 
involved in the vesicle of varicella, but the process is at times so limited 
that, it docs not reach the surface of the skin. This occurred in two 
lesions excised. In one was an early process affecting the sebaceous gland 
and hair sheath. (PI. II, fig. 8.) In this lesion were all the forms of 
cell degeneration already described. There was but slight infiltration 
with wandering endothelial cells and no vesicle formation. In another 
lesion similarly situated the sebaceous gland and the lower portion of 
the hair sheath were infiltrated with endothelial cells and there was a 
small chamber containing fluid. In places the cell degeneration could 
be made out to such an extent as to identify the process as varicella. 

Lesions about the ducts of sweat glands .—These ducts are involved in 
a great many lesions. They may be seen at points along the base of 
the vesicle (Pl. Ill, fig. 15), or portiQns may persist within the chamber 
of the vesicle. Some of the minute foci are found about the epidermal 
portion of these ducts. (PI. I, fig. 4.) In such instances the cells 
lining the duct are unaffected while the process is confined to the 
epidermis which surrounds it. In no case was the characteristic initial 
change of the process found in these ducts. 

Vesicle infected by bacteria .—A certain number of lesions do not heal 
immediately after the full development, of the vesicle. The contents 
becomes white and opaque and the vesicle is topped with a central crust. 
Vesicles presenting such*an appearance have probably been ruptured, so 
that bacteria have gained access, although it is possible that bacterial 
infection may in some instances occur without the vesicle being ruptured. 
Such lesions exeud slowly, the central crust becomes larger and sur¬ 
rounded by a pustular ring. The depression of the central crust, ns 
compared with the elevated pustular periphery furnishes a form of 
umbilication. It is plain that this lesion is secondary to varicella and 
has nothing to do with the active process. The umbilication is therefore 
of a false variety. On account of the inadvisability of excising such 
lesions, only one small lesion of this character was obtained. In this 
the pustule contents was composed almost wholly of polymorphonuclear 
leucocytes. The corium forming the base of the pustule was infiltrated 
throughout with these leucocytes and there was considerable destruction 
of tissue in the papillary layer. It seems probable that the permanent 
scars, which are not an uncommon sequence of varicella, result from 
lesions of this type. In the milder, uncomplicated lesions, in which the 
papillary layer is not preccptiblv damaged, the regeneration of the de¬ 
stroyed epithelium constitutes perfect repair and no sear is produced. 

The earliest changes in the varicella process arc associated with 
cytoplasmic and nuclear inclusions which are found in epidermal cells, 
endothelial cells in situ within the blood vessels and lymphatics as well 
as those which are found migrating in the tissue, connective-tissue cells, 
pigment cells, and eosinophiles. 



The nuclear inclusions up pour at first us minute eosin-staining granules 
about 1 micromillimeter in diameter, situated in the nuclear sap. The 
nucleus may contain one or several. A clear space is formed about each 
nuclear inclusion and the nuclear network recedes from it. The inclu¬ 
sions fapidly increase in size and stain more intensely. They are most 
often rounded, hut may be elongated or irregular. In some instances 
the nucleus is affected only about the inclusion, at which point it is 
greatly distended while the remainder appears normal. ( V\. HI, tig. 
18.) Very irregular and lolmlated nuclei are thus produced in the cells 
of the coriuin. In the epithelial cells the whole nucleus becomes 
distended, the chromatin and nuclear network retracts to the periphery, 
leaving the interior about the inclusion clear. Direct nuclear division 
follows these changes, and each of the resulting nuclei usually contains a 
characteristic inclusion. These inclusions may attain a diameter of <» 
microns when rounded and 5) microns when stretched out in elongated 
form. Some apjioar dense* and homogeneous, while others are granular 
in character. Indefinite, deeply stained points are occasionally to he 
made out in them. In some instances minute granules of similar sub¬ 
stance are grouped about a large inclusion. In one case in which the 
knife had passed through a sebaceous gland in excising the lesion, the 
nuclei were ruptured and the inclusions here showed characteristics not 
apparent, elsewhere. (PI. 11, fig. 12, and l'l. IV, fig. 25.) They were 
evidently composed of a plastic substance as they had a sharp though 
irregular outline with rounded projections suggestive of a flowing mot ion. 
They consist of a sharply contoured body, delicately reticulated in 
structure. Certain ones showed a central, deep-staining granule. A 
certain number of nuclear inclusions are found which either are attached 
to the nuclear membrane or are protruding through it. They show a 
marked constriction where they pass through the membrane. A large 
proportion of these inclusions present the* form of an irregular, reticulated 
mass without definite contour. Although these inclusions take the red 
in preference to the nuclear stain, they stain deeply by other methods 
so that they would not readily be distinguished from chromatin. 

The cytoplasmic inclusions stain a dense purple by the eosin and 
methylene blue method, and measure from 1 to J micromillimeters in 
diameter. They are often found lying.against tin* outer surface, of the 
nuclear membrane, but may also occur betwi*on cells free in the connective 
tissue or in any position in the cytoplasm. They are constantly present 
in moderate numbers in the epidermis and in the cells of the coriuin of 
the early lesions, but are usually less numerous than the nuclear inclu¬ 
sions. They always possess a sharp contour, are most often rounded, 
but are occasionally irregular, and have usually a deeply stained central 
point. The* occurrence of nuclear inclusions protruding through the 
nuclear membrane suggests a possible method of origin for the eyto- 
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plasmie bodies. They do not appear to be related to the fragments of 
disintegrated cells which are of Common occurrence in the lesion. 

Jt, is difficult to reach a conclusion concerning the nature of these 
bodies. They arc associated with the earliest changes and constitute one 
of the constant characteristics of the process. In a small portion of the 
inclusions there is some evidence of internal structure, but this is so 
indefinite that it carries but little weight as to their nature. A large 
proportion of the nuclear inclusions are so structureless and irregular 
that it is difficult to believe that they are living organisms. In spite of 
the great rapidity of the process it has not been found possible to demon¬ 
strate a multiplicative process in these bodies. 

In the fresh preparation they appear homogeneous and a large number 
of inclusions were watched for several hours under the microscope during 
which time they did not change in outline. Furthermore, eosin-staining 
material is found within the nuclei in various other processes and in 
normal tissues. The writer is, however, familiar with no condition which 
presents inclusions closely simulating those found in varicella lesions. 

As the earliest nuclear inclusions appear as red-staining granules in the 
nuclear sap, it is possible that they represent an increase of a substance, 
such as linin, present in normal nuclei. It seems to be certain that 
elements, readily overlooked in normal tissue, may become prominent in 
pathological conditions. Such an example is found in these same 
varicella lesions in which the epithelial fibers of llerxheimor. which are 
occasionally met with in normal epidermis, become increased to such an 
extent that, they form one of the most striking features of the process. 
(PI. 11, fig. 10.) In this example, however, the elements in question can 
he traced in their transition from normal structures and are always con¬ 
fined to the epidermis. The nuclear and cytoplasmic inclusions, on the 
other hand, present a constant morphology without transitional stages 
connecting them with normal structures and are not confined to cells of 
any one tissue or type of tissue. 

Another plausible hypothesis is that the inclusions represent; the forma¬ 
tion in a pathological condition of some substance not found in the 
normal nucleus. The reaction of the nucleus accompanying the presence 
of the inclusion is peculiar in that only that part about the inclusion is 
affected, while the remainder of the nuclear structure appears normal. 
If the inclusions are the result of a changed metabolism, one would 
expect to find a more general change. A fact to be emphasized con¬ 
cerning the nature of these inclusions is that they are confined to small 
foci, even to individual cells in the epidermis and coriutn. There is 
not sufficient evidence at hand to interpret either the nuclear or cyto¬ 
plasmic inclusions and it seems preferable to suspend one’s judgment 
until now facts are acquired bearing on this question. They are de¬ 
scribed because they form a constant and prominent feature in the vari¬ 
cella process. 
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The failure to demonstrate that the disease ean he eommunieated by 
inoculation witli the eontents of the vesicles is against the idea that the 
infectious agent is contained in them. This evidence is not absolute, and 
moreover a necessary corrnllary of such experiments would he the excision 
and study of the area inoculated. It might well he that a slight hut 
characteristic lesion may he produced which would not he apparent on 
macroscopic examination and which would not lead to the production 
of an exanthem. If we regarded the production of the entire disease as 
necessary to constitute infection, the infectiousncss of smallpox in the 
inoculation of the calf or rabbit would he denied. On the other hand 
the lesions in the disease are so cellular in c haracter and the cellular 
changes in their entirety so characteristic that it is hardly conceivable 
that the process can he produced by anything other than some agent which 
enters into and affects the single epithelial cells. 

That the infectious agent is disseminated by the blood is rendered 
probable by the common occurrence in early lesions, of a process of wider 
distribution in the corium than is found in the epidermis and by the 
occurrence of isolated lesions of blood vessels far from any epidermal 
involvement. It seems reasonably certain that the process in the corium 
antedates that in the epidermis. 

Certain facts brought out in this investigation may he given a practical 
application in the matter of diagnosis. During every epidemic of small¬ 
pox there occur cases in which then* is great difficulty in diagnosis. One 
needs but to scan the literature to acquire a conception of the number 
of these difficult cases. Stelwagon (H) quotes an analysis of thirty- 
eight eases of error in diagnosis of smallpox, of which seventeen turned 
out to be varicella. There has been some dispute in regard to the nature* 
of a widespread epidemic reported from Trinidad, whether the cases were 
all varicella or wind her some were those oF a mild form of smallpox. 
There is no doubt that many eases are passed over without their true 
nature being recognized. One can not depend absolutely on the gross 
appearances of the lesions or on the distribution. 

It seems a matter of considerable importance to he able to distinguish 
from true varicella certain cases of smallpox resembling varicella, which, 
although mild, give rise to severe variola in other individuals. 

Certain method* concerning the diagnosis of smallpox have already 
been suggested. The inoculation of monkeys as recommended by Dark 
(11) is not always practicable in that monkeys are expensive and not 
always obtainable. 

Howard (10) suggests in addition to animal inoculation, the. study of 
sections of excised skin. The diagnosis is based upon the character of the 
process and the presence of C. variola ?. 

Thompson (.17) has applied a rapid method for embedding the excised 
lesions, by which he is enabled to obtain sections ready for study within 
three hours after excision. 
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The following methods are given, since they may be found of value 
in the diagnosis of cases in which there is a question of smallpox or 
varicella: 

1. The contents of early, clear vesicles of such a case may be examined 
fresh under the microscope. The presence of large multinucleated cells 
is consistent with varicella and against smallpox. This test seems quite 
reliable and may be applied at the bedside. 

2. The excision of a typical lesion for histological examination may 
he resorted to. In the smallpox lesion the presence of ( 7 . variola; will 
furnish the diagnosis. In varicella the type of the vesicle, the ballooning 
degeneration and the constant presence of the described intranuclear 
and cytoplasmic inclusions will render certain the diagnosis. As will 
readily he inferred, the simple presence of definite cytoplasmic or nuclear 
inclusions within the epithelial cells is not sufficient to establish the 
diagnosis of smallpox, for both nuclear and cytoplasmic inclusions are 
also found in varicella. If the presence of these bodies is to be taken 
into account in the diagnosis one must possess a certain degree of famil¬ 
iarity with them, in one or both of the diseases in question, in order to 
determine their specificity. 

3. A slower but very reliable means of diagnosis is the inoculation 
of a rabbit’s cornea with fluid from the lesions. With smallpox lymph 
a variolous keratitis is produced which is evident in the roughening of 
the corneal surface in from twenty-four to forty-eight hours after inocula¬ 
tion. The inoculation of varicella lymph gives no process. 

SUMMARY. 

The study of lesions excised from eleven cases of varicella in adult Fili¬ 
pinos shows that the initial change consists in the appearance of peculiar 
eosin-staining inclusions within the nuclei and cytoplasm of epithelial 
and various other cells. Direct division of nuclei without subsequent 
division of the cytoplasm is associated with these inclusions. Cells 
undergoing these changes often attain relatively enormous dimensions 
(the ballooning degeneration of TJnna). This type of degeneration is 
most prominent in the affected areas of the epidermis but occurs also in 
almost every type of cell in the eorium. The epidermis presents also the 
reticulating type of degeneration, but only in a minor degree*. 

Following these* cell changes the typical varicella process consists of 
a rapid destruction of small areas of the epidermis, associated with exuda¬ 
tion and vesicle formation. The exudate penetrates the injured area 
of the epidermis, forcing the degenerating cells apart and forming spaces 
which tend to coalesce to form a single chambered vesicle. Exudative 
cells probably of endothelial origin are occasionally met with in the 
epidermis very early in the process. Collections of similar cells are 
found about the blood vessels of the underlying eorium. Later in the 
process they arc present in the eorium in large numbers and exhibit 
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amoeboid activity and phagocytosis. The exudate filling the vesicle is 
at first clear and contains only fibrin and a few degenerating or necrotic 
epithelial cells, but later large numbers of phagocytic endothelial colls 
are found in it. The active destructive process is followed at once by 
repair. The epidermis grows in, closing the defect, and the corium 
returns to its normal conditions. 

From the wider distribution of the process in the corium than in the 
epidermis and from the occasional occurrence of a process in a blood 
vessel far removed from any epithelial focus, it seems probable that the 
first change; in the corium antedates that in the epidermis. 

The development of the vesicle is attended by the formation, about 
the epithelial cells, of numerous fibers which agree very closely with the 
fibers of Herxheimer found in the normal epidermis. It is apparent, 
however, that there is actually an increased production of these fibers in 
epidermis stretched through the pressure of the exudate. 

Several varieties of atypical lesions occur. The exudate may break 
into the wall of the vesicle and separate the horny layer so that a 
secondary vesicle is formed which includes the original, or lesions may 
occur practically without exudation. Some lesions are confined to the 
depths of hair follicles without the? surface epithelium being affected. A 
certain number of lesions are infected by bacteria as the result of which 
they become pustular. In such lesions there is more or less destruction 
of the papillary layer which accounts for the sears frequently following 
an attack of varicella. 

Specific nuclear and cytoplasmic inclusions are found in all varicella 
lesions and their appearance constitutes the earliest change observed in 
the tissues. They occur in epidermal cells and in various cells of the 
corium. The nuclear inclusions stain red or purplish by the cosin- 
methylene-blue method, and vary in size from 1 to <i microns in ilia meter. 
The cytoplasmic inclusions stain a deep purple and a central granule is 
apparent in many. They are seldom found measuring over 1 microns. 
A conclusion has not been reached concerning tlu? nature of these inclu¬ 
sions in varicella and no important evidence has been found in favor of 
the hypothesis that they arc parasitic organisms. 

Inoculations of the cornea of the rabbit and the skin of the monkey 
with the contents of varicella vesicles have in all cases yielded negative 
results. 
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ILLUSTRATIONS. 


Plate I. 

h IG. 1. A minute early lesion. The epidermis is thickened over a small area, the 
result of the swelling of (‘ells. 'I he nuclei are large and vesicular and 
several contain the characteristic* inclusions. 

*2. An early varicella lesion showing multiple, centers of degeneration in the 
epidermis. The ballooning type of degeneration is most prominent. 
Exudate has penetrated the epidermis, separating the eel Is and forming 
small chambers. 

3. A minute varicella vesicle presenting a defect in the epidermis forming 

its lloor. The exudate contains a small amount »>f fibrin. Considerable 
infiltration of the underlying curium. 

4. The process affecting the epidermis about the duct of a coil gland, which. 

however, is not involved. Three large mult inimical cells resulting 
from direct nuclear division are present in the degenerated portion of 
the epidermis. 

5. A minute lesion taken within twenty-four hours after the first appeanuiee 

of the eruption. Exudate has penetrated the degenerated epidermis 
forming small spaces. This represents the beginning of vesicle 
formation. 

0. A typical unilocular vesicle taken twenty four hours after the first ap- 
jHiarance of the eruption. The lluid filling the chamber contains a 
small amount of lihrin and a few epithelial cells which have became 
loosened in the exudation. The epithelium persisting beneath this 
chamber presents various degrees of ballooning degeneration. 

Plate il. 

* 

Pro. 7. Vesicle taken twenty-four hours after the first appearance of the erup¬ 
tion with Icnsc shaped chamber extending, through the axis of which is 
a linir sheath. The fluid contents of this vesicle appeared perfectly 
clear macroscopieally. hut contains a small amount of fibrin. Slight 
infiltration about the vessels of the curium. 

8. A lesion located in the depths of a hair follicle and presenting several 
large multinuelear epithelial cells. The surface epithelium is not 
affected. 

1). Two characteristic cytoplasmic inclusions situated in the epidermis. X 

1000. 

10. Coarse libers found in the epithelium forming the wall of the vesicle. X 

1000. Stained with phosphotungstie acid-hematoxylin. 

11. Flaccid, slightly clouded vesicle of two days’ duration. Large amount 

of librin in exudate. Epidermis involved in lesions almost completely 
necrotic. 

12. A large nuclear inclusion found in a sebaceous gland. Some indication 

of internal structure. X 1000. 

i:t. Vesicle of four days’ duration. Fluid contains large numbers of leuco 
cytes and phagocytic cells. Epidermis is commencing to grow ill at 
the sides. 

14. < ■orium in t he vicinity of a varicella vesicle. Tlie pigment cell to the. left 
of the capillary contains a large number of nuclei probably resulting 
from (a) mitotic division. 

.571 
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Plate III. 

Fla. 15. A vehicle of six days duration. A break has occurred in the lateral wall 
of the vesicle at some time during its development allowing the fluid to 
penetrate and separate the horny layers. A coil gland duct extends 
clown from the floor of the vesicle. Repair is well advanced and the 
epithelium is growing over the defect upon which the vesicle is 
situated. 

HI. A minute “dry” lesion showing advanced degeneration of the epithelial 
cells without any appreciable fluid exudate. 

17. Multinuclear epithelial cells shown at lower magnification in Fig. 4. 

Outline irregular, without definite cell membrane; cytoplasm presents 
a loose reticulum; nuclei hollow, with chromatin situated near nuclear 
membrane, and usually containing the specific inclusions. 

18. Cells, probably endothelial in origin, situated in coriuin. They show 

localized swelling of the nucleus about the specific inclusions. 

19. An atypical vesicle, multilocular ill type and showing a central crust. 

The l»ase is infiltrated with leucocytes. 

Plate IV. 

[Camera lucidadrawings with Zeiss compensation ocular No. 6; objective, 2 millimeters; 

aperture, 1.30.] 

Fig. 20. Tissue about a small blood vessel of the coriuin just lieneath an early 
varicella vesicle. An endothelial cell in situ upon the vessel wall con¬ 
tains a small inclusion within its nucleus. Other nuclei in the tissue 
about the vessel contain the characteristic red staining inclusion 
situated in clear spaces or vacuoles in the nucleus. 

21. Skin excised early in the disease. The epidermis of the Filipino eon- 

tains a large amount, of pigment. A single endothelial cell containing 
a nuclear inclusion is shown. Another endothelial cell found in an¬ 
other optical plane and also containing a nuclear inclusion is not shown. 
The epithelial coll above shows a characteristic nuclear inclusion. The 
study of serial sections failed to show any other similarly affected cells 
in this portion of the epidermis so that it is to 1 m‘ regarded as a very 
minute lesion. 

22. Nuclear and cytoplasmic inclusions in the cells of both corium and 

epidermis. 

25. An epithelial cell possessing two nuclei, one of which appears hollow and 
contains a red stained hotly. .lust outside the nuclear membrane is a 
more intensely stained body. 

24. Epidermal cells in the floor of developing vesicle. Amitic nuclear division 

has here resulted in a large multinuclear cell containing inclusions in 
several of its nuclei, and also one extra nuclear inclusion. Other 
inclusions are present in adjacent cells. Some of these inclusions, 
especially the cytoplasmic, have deeply stained central points. 

25. Cells from a sebaceous gland through, which the knife passed in excision. 

Many of the nuclei containing inclusions have been ruptured. The 
inclusions arc relatively large and show in certain instances a sugges¬ 
tion of reticular or vacuolar structure. The deeply stained granules 
present in two may possibly be superimposed or included chromatin 
from the cell nucleus. 

20. An epidermal cell from a varicella vesicle showing the extension of a 

portion of the specific nuclear inclusion through the nuclear membrane. 
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THE VEGETATION OF THE LAMAO FOREST RESERVE. 


By H. N. WiiiTFoRu. 

(From the hota // teal Motion of the Hiohujica! fa thorn tor{i, linrnni of Srienee.) 


INTRODUCTION. 

It. is only within the* last dorado that the 1 2 * 4 science of ecological plant 
geography has come to be* recognized as distinet. It is therefore pertinent 
to review briefly the history of its development. Attention will be called 
only to the principal contributions. 1 Floristie plant gmgraphv will not 
be considered. 

Qriscbach ,J was the first to point out that the unit of vegetation is the 
formation . This he defines as a group of plants which bear a definite 
physiognomy, as a forest, a desert, or a prairie. Thurman® emphasized 
the necessity of ground water as a basis for classification and Warming 1 
first clearly showed the connection between the former and formation, 
whereas SehimperV" 1 contribution lay in a discussion of the influence of 
the availability of the. ground water. Thus salty and eold soils were 
elassed with dry ones because their effect upon vegetation is the same; 
viz, all tend to produce xeropliytic structures. Fp to this time the idea 
of succession, although it had been recognized as an element, Imd not 
been taken into consideration as a basis for classification. (Wles fl was 
the first, clearly to show that the dynamic element of vegetation brought 
about a succession of formations and his classification is bast'd on the 
idea that habitat changes with resulting modification in the conditions 
for plant growth and hence an alteration in plant formations to conform 
with the new physical factors. Adapting to plant formations the modern 

1 For an ecological bibliography ace Clements, K. C. Research Methods in 
Ecology. l-niv. of Nebraska Bub. <'«». (1005). 

2 (Iriselinch, A. Bericlit- filler die Eeistutigcn in dor L’llanzengcographie (1845). 

* Thurman, •). Essai cle p1iytoslnti<|iic npplii|ti&* ft la elinine du Jura ot aux 

contr&w voicines. (1840). 

4 Warming. K. Plantcsaiiifniid (1805). Onnnn edition, translated by Knob¬ 
lauch (1896). 

B Schimper, A. F. \V. Pflanzeiigeogruphie auf pliysiologischer Cniiidlage (1808). 
English edition, translated by Fischer (1903). 

•Cowles, II. (\ The Physiographic Ecology of C hicago and Vicinity. Hot. 
flat. ( 1901) 31: 75. 
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idea that each topographic type lias a life history, an origin, youth, 
middle age, and death, he first conceived of the formation as an organic 
whole, which is susceptible to any change modifying its environment, 
lie laid emphasis upon the fact that the normal erosive forces change 
the relation of the ground-water level and so, as base level is approached, 
continually bring it nearer to the surface, by which means water becomes 
more and more available for plants. By all these workers ground water 
is recognized as a controlling if not the primary factor. None of the 
authors cited have made any serious attempt to measure the water content, 
of the soil and the other physical factors controlling plant distribution. 
It remained for Clements 7 to perfect suitable instruments with which to 
measure the factors and, as a result of his investigations, the concept was 
formed “that vegetation is to be regarded as a complex organism with 
structures and with functions susceptible of exact methods of study.” 
This author also developed a system of nomenclature which, with possible 
changes, bids fair to find acceptance bv ecologists. His classification is 
based primarily on the physiological ground-water which he calls the 
chresard. by which form he designates the actual water in the soil which 
is used by the plant. 'Phis is measured in the field and because of a limit 
to the size of the root mass and its surrounding earth which can readily 
be handled, only herbaceous or small woody plants can be utilized. How 
the chresard of larger plants, too bulky to be handled, is to be estimated 
the author does not state and unless some method is provided whereby 
the chresard of tin* larger, woody plants can be measured in situ, or at 
least computed, the true* chresard of forest formation can not be obtained. 

it is obvious that the chresard varies from season to season. In tem¬ 
perate zones it is high during the rainy months of the growing season, 
lower during the dry ones, and least during those of winter. If, as 
Clements has done, the average of all the summer months be taken, and 
a classification based on this alone, then the winter condition will be left 
out of consideration and any classification which does not take into con¬ 
sideration the lowest chresard can not find a general application. There 
must be a recognition of the tropophvtic nature of vegetation and 
of an unfavorable and favorable* season. This is the case not only in 
temperate but also in tropical regions, in regions of the Tropics 
where? the physical conditions, especially the rainfall, are more or less 
uniform throughout the year, the factors measured during one month 
will give an average for the year, but some places in the Tropics have 
pronounced wet and dry seasons. If the chresard measurements should 

7 Clements, 1 c. 1 have not across to Clements’s Development and Structure of 
Vegetation. Hot. Sure. \ebr. 7 (1904). His volume (in preparation) on the 
vegetation of the mountains of Colorado may throw some light on the discus¬ 
sion which is given below. I have obtained my information concerning his 
methods from the volume quoted at the beginning of this paper. 



be taken during the wet season only (corresponding to the summer season 
of temperate regions) they would he grossly misleading. It might he 
assumed that the winter chresard of temperate regions is nothing, but 
the physiological evidence is entirely against such an assumption. Con¬ 
iferous trees are known to use water throughout the so-called unfavorable 
season and even the hare twigs of deciduous trees may give oft water. In 
many portions of the temperate regions the conditions are such that 
vegetative activity is considerable during the winter and especially the 
very early spring months, (tainted that the chrcsard is the controlling 
factor, no ijcneral classification based a/mn c.ract in el hods of measurement 
can be made until the measurements shoir dire-surd conditions during the 
unfavorable as well as I hr favorable season. 

However, (dements s work marks a new epoch' in ecological studies, in 
a word, it reduces ecology more nearly to a physiological basis and some 
of the mooted questions raised in this paper could have been decided had 
his methods been adopted. Nevertheless, it is my belief that much prelim¬ 
inary work can he done and indeed is necessary lief ore careful measure¬ 
ments are made. Especially is this true in a region where little is known 
of the floriatic composition of the vegetation. Attention must he focused 
on obtaining a knowledge of the flora, including not only an enumeration 
of the species hut also a determination of the quantitative importance of 
each. Without this, no progress ran lx* made toward an explanation of 
the ecological factors controlling distribution. Although the vegetation 
of the strand in the Tropics has been fairly well studied, but little is 
known of the eom|>osition of inland formations in these regions. The 
quantitative analysis of some forty plots, the results of which arc given in 
this paper in such a way as to show what vegetation exists in different 
physiographic situations at different altitudes, is therefore a distinct, 
contribution. During this study an effort has been made to discover what 
factors control distribution. How successfully this attempt has been 
realized will be shown by the paper which follows. 

It is not too much to say that ecological botany, more 1 than any other 
branch of the science, has a practical as well as a scientific value. 
Stripped of its business aspects, forestry is nothing more or less than 
forest ecology. One of the? first essentials of forestry is a knowledge of 
the composition of the? forest and the only scientific means of obtaining 
this knowledge is by a study of plots similar to those* recorded in this 
paper. Indeed, with the addition of tree measurements, these plots arc 1 
the “valuation surveys" of the forester. In many places in the Philip¬ 
pines, cspeeially along the coasts when* transportation is easily available, 
local forest famines already prevail. The valuable timber trees have 
been removed and "weed” trees have taken their place, or clearings have 
been made, found to he unprofitable, and have been abandoned and a 
knowledge of the natural succession of vegetation in these places is an 



370 


absolute essential to any rational treatment, which will again bring 
them into a good forest condition. The above discussion emphasizes only 
a few of the many questions which the forester must answer concerning 
the ecology of the forest before his calling is reduced to a scientific basis. 

The foundation work of crop raising, like that of forestry, is ecology. 
The habitat of the ecologist is the field of the farmer. The, more the 
farmer knows of the* factors of this habitat the better will he be able 
to reduce his farming to a science, and until he makes an attempt to 
discover something concerning this habitat, his farming will bo guess 
work. Lnsvstematized chemical and physical analyses of the soil, with¬ 
out any relation to the plants grown thereon, are of little or no value. 
The formation of the ecologist is the crop of the farmer. The factors 
which control the one will govern the other with this difference, that, 
whereas under natural conditions the waste in fallen leaves, twigs, etc., 
is each year returned to the soil in its entirety, in artificial vegetation the 
greater part is consumed, so that eventually, unless some return is made, 
the soil becomes depleted. 

The advisability of differentiating forest from agricultural lands can 
not be questioned in any partially undeveloped country like the Philip¬ 
pines. Ecological surveys will not only do this but if they are made 
with due regard to the careful measurement of the physical factors, they 
will give a clear classification, the results of which when placed on maps 
will show at a glance the economic possibilities of the region investigated. 

The systematic nomenclature of this paper is the one used by E. J). 
Merrill in bis “Flora of the La mao Forest Beservo," M which is to be pub¬ 
lished simultaneously with this paper. 1 am indebted to Mr. Merrill for 
most of the identifications. Besides the various members of the? Bureau of 
Science who have assisted me in the preparation of this paper, I am 
also indebted to (’apt. George P. Ahern, Chief of the Bureau of Forestry, 
and a number of employees of bis Bureau for valuable aid rendered while 
1 was collecting the data. Where special assistance has been rendered, 
acknowledgment will be* given in its proper place. The map accompany¬ 
ing this report was adapted from certain ones of the Coast and Geodetic 
Survey, and from a topographic map of the reserve made by theJBuroau 
of Forestry. 

UKOIAM1Y AND PUYSIOGKAI'HY. 

The group of peaks known as Mount Marivoles is on the southern 
end of the peninsula of land comprising the Province of Bataan, of the 
Island of Luzon. The meridian of 120°.30' east of Greenwich and the 
parallel of ll c 30' north latitude intersect the mountain near its summit. 
Rising to tin? height of approximately 1,400 meters, it, with the Island 
of Corrogidor, is the most conspicuous feature of the landscape at the 
entrance to Manila Bay. (See map.) 

* Phil. Journ. Science (1 IKMi) 1, Supp. 1, April 15. 
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The lithologic structure of Mount Mnriveles shows it to be of volcanic 
origin. It is a mass composed largely of andesitic ejecta ami of the 
decomposition products thereof. 0 The physiographic features which 
point to its being an extinct volcano arc almost as striking. Wising 
from Manila Bay on the east, from the Thina Sen on the south ami west, 
and from the lowlands near the central part of Bataan on the north, are 
a series of prominent ridges ending in the peaks which, with their con¬ 
necting ridges form a nearly circular chain—tin* rim of the former crater 
which has an outlet to the north, by way of the Balanga Hivcr. ('See 
map.) Between these peaks and just beneath tin* lowest point of the 
connecting ridges are the sources of tin* main rivers draining tin* 
mountain; the latter have cut deep canons and have established many 
branches with smaller ones. With the exception of Limay Weak, which 
will be discussed in another connection, the mountain, with its regular 
canons and ridges which begin at the base and end at the rim of the 
crater, suggests that in the past it was a more or less perfect cone, con¬ 
siderably higher than at present and similar to Mount Mnyon. in the 
Province of Albov, Luzon. According to Becker, 10 the volcanic period 
which gave rise to the earlier andesitic rocks now present in the Philip¬ 
pines very probably occurred in the Post-Hocene upheaval. If Mount 
Mari voles originated at this time, then the present erosive topography of 
the mountain is no older than the length of the interval intervening 
between the Miocene and the present date: probably it is considerably 
younger, for the volcano must have remained in activity for some time 
after its origin. At present there are no signs of volcanic activity if we 
except some hot springs near the base of the mountain at Port Marivclcs. 

The condition of the mountain to-day is only one stage in the process 
of its destruction by the normal erosive forces. It is conceivable that 
its vegetative condition, because of its prominent topography of alternat¬ 
ing ridges and canons, is considerably different from that of some other 
volcanic peaks on the islands which are in various stages of their life 
history. The youthful Mayon, with its cone-likc, little eroded topog¬ 
raphy, or Mount Banajao, in Tayahas Province, with a physiographic 
condition intermediate between that of Mayon and Marivclcs, will show 
vegetative conditions due to factors to some extent at least dependent 
on their respective life histories. 1 

Lamao River Reserve ,—The portion of Mount Marivclcs with which 
this paper deals lies on its east slope and comprises an area of approx¬ 
imately 4,42f) hectares. It is known as the Lamao River Reserve, and has 

•1 am indebted to II. \). Md-askev, of this Huron u, for information concerning 
the. lithologic structure of the mountain. Sec also Hooker, Geo. V. Hcporl on 
the Geology of the Philippine Islands. Annual Report of lhe t r . S. Ueop. S//r. 
(1901) 21, 111, 514. 

10 L. <?., 507, 508. 



a water frontage on Manila Bay of nearly o kilometers, extending from 
Cape Magarhas on the south, in a northerly direction, to Cape Quitang. 
These two points mark the lower ends of the main ridges which respec¬ 
tively are the northern and southern boundaries of the Reserve. 

The northern ridge extends from (/ape Quiling westward on tins ridge leading 
to Huenavistu Peak ( altitude , 1,105 meters) ; from thence it follows the rim 
of the crater to ('abeaben Peak ( altitude , M06 meters). (PI. I.) The southern 
boumliry i* the ridge which start* at Cape Margalms and runs through Minay 
Peak to Caybubu Peak (PI. H) ( altitude r, 1,386 meters) and on the rim of the 
crater. The western and northwestern boundaries of the reserve are formed by 
lines which descend from Cubcalien on the south and Caybubu on the north, 
meeting at the bottom of the crater near the head waters of the Balanga River. 

Between the north and south ridges are two main rivers—the Minmo and the 
Alangan. The I.amao River rises just beneath the lowest point of the rim of 
the crater which connects Bueuavista (PI. II) with Caybubu Peak. From its 
source down to within 3.5 kilometers of the shore, it lies in a canon which varies 
in depth from 75 to 270 meters; below 3.5 kilometers the latter feature of the 
river disappear*. Throughout its length it is an eroding stream, with alternating 
cascades and pools; near its source waterfalls of 15-20 meters and perpendicular 
walls 30 to 40 meters in height are prominent features; the breadth of the 
river at no place exceeds 12 meters. Four main branches, a number of wet- 
weather streams, and numerous ravines cut the slopes of the canon of the main 
stream into many steep and shorter ridges and cations; some of the details of 
this topography are shown by Plate II. The cafum feature of the Alangnn, 
although not so pronounced as that of the I ammo River, is still marked. It has 
not been successful in working its way to the rim of the crater; indeed, the 
Caniuyuan River, a branch of the hamao. has its head waters above that of the 
Alangan and collects drainage which would otherwise he diverted to it. Thus 
the drainage territory has been divided bet ween two rivers and this fact has 
prevented either one from obtaining a suUndent supply of water so as to make 
rations as deep as would one river, draining the same territory, ami as a const* 

<Iuence the topography is not as deeply dissected as it otherwise would be. The 
cone-like contour of Mount Mariveles is slightly disturbed by Minay Peak, the 
altitude of which is 078 meters. It may either be a more resistant portion of 
the ridge leading from Cape Murgahas to Caybubu Peak, or a portion of a rim 
of a smaller crater. The region to the north of it was not investigated with 
sutlicieiit care to determine its true nature. 

Between the Lamao and Alangan Rivers the lower third of the reserve is 
drained by branches of both, by the short Ayam River, and by many ravines 
and wet weather streams which have their outlets in the indentations of the 
shore line. These dissect the gently sloping, low plateau at the base of the 
mountain into a number of low ridges and shallow depressions. 

TI-TE CLIMATIC AN1> ITS IN PM* EX CK ON THE VEliETATlOX. 

The classification of the vegetation used in this paper is based upon 
its character, and the climatic differences of the region. The climatic 
records for Lamao given below were gathered during a portion of mv 
residence at that place: of themselves they are of little or no value, but 
comparatively, their usefulness in explaining some of the more marked 
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characteristics of the vogctalion is great. 11 r l'In*y will bo considered in 
the order of their relative importance. 

Humidity .—Schimpcr 12 bases Ins climatic formations mainly on rain¬ 
fall; those of the tropical lowlands tail under two heads—the tropical 
rainy and the tropical monsoon forests. This former are found in 
places where evergreen forests prevail during almost the on tins year; the 
latter are those in which the dry districts are occupied by deciduous 
woodlands or savannahs. From the above it will be seen that tjie 
tropical rain forests are not necessarily those having precipitation which 
is uniform throughout the year; any alternation of wet and dry periods 
will show corresponding marked differences in the vegetation. 

Tablk 1 . — Airrayv monthly min fall, in mi/limrlrrs , at Manila , 
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Tablk II.— liainfaft, in )niHimrtrrs, at three stations at Lamau eumpared irith that for 
lhr same period at Man ila Jar a part of thr year tUOa. 
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at an elevation of Nf> meters. 1 kilometers inland, and station 3 at an 
elevation of 040 meters, 13 kilometers inland. These two tables con¬ 
clusively show well-marked wet and dry seasons both for Manila and the 
stations at Lamao. So slight is the rainfall during the dry season that 
one is surprised to find a forest in which the evergreen is as characteristic 
as the deciduous (dement and not a completely deciduous one to cor¬ 
respond with this climatic condition. During the season of little or no 

11 The necessity of a ha.se fur comparative elimatie data ean not he too strongly 
emphasized. Isolated readings without such a. comparison are practically worth- 
less; on the other hand, with such data their value becomes nearly as great, as 
would be that of continuous records. However, the readings must he made 
simultaneously. For the Manila records up to 1003 given here, see Algu<5, Rev. 
.lose. Climate. Census of Philippine Islands, 1003, 1; 87. I am indebted to 
R. Meyer, T. Ilanley, and other employees of the lJureaii of Forestry for assistance 
in the collection of climatic data. 

12 L. e. f 160, 261. 

™The excessive rainfall for April is the highest ever recorded. It is mainly 
the amount which fell during the typhoon which visited the Islands on the 30th 
of that month. 
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rain the surface layers of the soil are dry and the ground water level 
is low, yet, it is believed, a sufficiently high eh resard exists to prevent the 
most pronounced deciduous habit from prevailing and vegetative activity 
from being altogether inhibited. The table shows that with an increase 
in altitude there is a decided increase in the rainfall. This, among other 
things, will account for a chresard which would be sufficiently high to 
assist in maintaining a nearly evergreen forest on the upper part of the 
mountain, although here, as well as at the base, there is a response to the 
xerophvtic conditions of the dry season. On account of its deciduous 
clement, the vegetation at the? foot of the mountain can not be regarded 
as the best expression of Sehimpers tropical rain forest, neither can it 
he classed with the monsoon forests, for the evergreen element is nearly 
absent in the latter. 

Next to the rainfall, and especially to the* precipitation as conserved 
in the shape of a chresard, the relative humidity (or its complement, the 
saturation deficit) is the most important, factor in explaining ecological 
distribution, for just as the chresard controls the absorption, so does 
the saturation deficit regulate the transpiration. 

Taiilk 111 .—Monthly and annual avcmyc* of the saturation deficit for Manila, 

1883-1902. 
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As would be expected, these data show a high saturation deficit during 
the dry and a low one during the wet season. When compared with those 
for some regions in temperate zones, these figures are not exceptionally 
low even during the rainy season. Attempts have been made by llabcr- 
landt, 14 lloltermann, and others to compare the transpiration in the 
dam]) Tropics with that in temperate zones. The general conclusion 
seems to he that in the shade the transpiration in the Tropics is much 
less than it is under the same condition in the temperate zone, while 
in open places it is greater. lloltermann draws the conclusion that 
for the entire twenty-four hours of an average day it is loss in the 
Tropics than in Europe. In the region under consideration, especially 
during the month of July, there is almost continuous rain for two 
and even three weeks, yet these rains are usually accompanied by high 
winds and the periods between the showers show a comparatively high 
saturation deficit. < Considering all factors, it is not believed that: the 
lack of transpiration lias any deleterious effect on the vegetation as a 

11 Sw llurgerstein A. Die Transpiration <ler Pllunzen (1004) 100 to 174, for a 
review of the subject of the eomlitiou of transpiration in damp warm tropical 
regions, ami for a citation of the literature. 
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whole, for, up to a certain point, the more water there is retained by the 
plant the greater the vegetative activity. 

Tabus 1V . Aeerage natural ion tlejieil for human ami Manila at 1 p. in. 
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A comparison of tlic* saturation deficit at the foot of the mountain with that 
of Station III shows an increase as one ascends. These data were taken at the 
time of the year and of the day when the transpiration is excessive, it is believed 
that the comparatively low saturation deficit together with the lower temperature, 
the effects of which will be discussed below, and the greater rainfall, help to 
maintain the more pronounced evergreen character of the vegetation on the 
slopes of the mountain in contrast with that at the base. A record of the maxima 
during some months of the dry season may not ho out of place and it will throw 
some light on the differences at different altitudes. On February 2(>, at Station 
I, the saturation deficit was 53 at 2 p. in.; at the same time it was 32 at Stations 
II and 111. The highest recorded in March was on the 1st day of that month, 
when it was 41) at Station 11 and 42 at Station 111. In May on the 14th it was 
42 at Station II and 10 at Station 111. 

Temperature. —-The following tables give the? comparative lemponituro 
of Manila and the various stations at Larnao (readings arc in centigrade) : 

TABLE V.— Mean monthly amt annual temprrat.un for Manila, IS'S.i-jun 
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Table VII 

— Monthly and animal minima of temperature 

in Manila , 1H 
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'*Thc highest recorded temjieraturo for Manila is 37°.8. 
10 The lowest recorded temperature for Manila is 15”.7. 
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Taulk VIIJ .—Average monthly temperature of three readings (7 a. m. t / p. m., and 
dp. m.) in Manila and Lamao for a portion of WOo. 
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rAiu.E IX .—Absolute monthly maxima of temperature (l p. m.) in Manila and Lamao 

for a portion of Wifi. 
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Taulk X .—Monthly minima of temperature (7 a. m., a a. m. } to' a p. m. ) in Manila 
and Lamao for a portion of Wffi. 
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These data in regard to temperature show, within each station, a 
rather uniform monthly average, the extremes being farther apart in 
the lowlands than they are on the slope of the mountain. In all cases 
the minima are not low, although at the higher altitude the average is 
much lower than near sea level. From an ecological standpoint this is 
important. At the same time it must be remembered that there are 
no physiological experiments which show that heat directly influences 
structure in plants; in other words, there arc no ecological adaptations in 
them which can directly be traced to heat as their cause. Plants found 
in all conditions of temperature often have similar habits, all of which 
arc due to their water and not to their heat relations. 

Indirectly, temperature has a great ecological effect by influencing the 
condition of the atmospheric or of edaphic moisture, which control the 
ingress and egress of water into and from the plant. Thus, a diminution 
of the temperature below a certain limit lowers the ehresard. However, 
the temperature of the region under consideration is not sufficiently low 
materially to influence the latter, for in the Tropics it is only in the 


17 After February 17. 
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very high mountain regions that low temperature is likely to bring the 
chresard below the danger point. The saturation deficit is the direct 
measurement of the influence of the temperature on the condition of the 
atmospheric moisture, so ii, is not necessary again to consider it in this 
connection. 

However, independently of the chresard and of the atmospheric humid¬ 
ity, heat influences the transpiration and thus may effect ecological 
structure. The chresard and saturation defiicit remaining constant, a 
raising or lowering of the temperature respectively will increase or 
decrease the transpiration. A reference to the tables will show a con¬ 
tinually lower temperature on the slopes of the mountain as compared 
with that at the base. 18 It is believed that this element, together with 
the lower saturation deficit and the greater rainfall, must be taken into 
consideration to explain the almost evergreen character of the forests on 
the mountain slopes, as compared with their decidedly deciduous aspect 
at the base of the mountain. 

Aside from its ecological aspect, temperature lias a profound influence 
on the tloristic character of the vegetation, so that the upper regions of the 
mountain under consideration have floristie elements different from 
those of the region near the level of the sea. This contrast will clearly 
be shown when the plant formations are considered in detail. 

Wind .—Wind is another factor affecting ecological distribution, in 
the absence of proper instruments no record of wind velocity was kept 
at Lamao. The effect of wind on vegetation, especially in exposed situa¬ 
tions, will be discussed in another connection. 

Table X I —Mnuthly awl annnttt tinnitft's nf the tlaihj ruhirity ujf wind in Maui In dnrimj 
f/u‘ pt'ritnf MV?.#-/,s'/VtV, in kHonifirrs. 
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SOIL. 

The soil of the Lamao Reserve is remarkably uniform in its physical 
texture and chemical composition. With the exception of that on the 
beach, it is all of a residual nature from the andesitic rocks which form 
the core of Mount Mariveles. It is usually a heavy clay, more or less 
impregnated with iron, which resembles latorito. However, it is not 
at all the latcrito of Burnm, 1 ® which is remarkable for its deficiency 

1H For literature on the effect of air temperature on transpiration see Burger- 
stein, 1. c., 115 to 121, especially Kbcrdt . O. Dio Transpiration dor Pflatizen mid 
ilire Abhtingigkeit von Uusseron Bodingungen (1889). 

™ Sehinipor, 1. c„ 370. 
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in certain salts, and, what is more important ecologically, its incapac¬ 
ity to hold water, and which supports the famous “eng” (Dipter- 
ocarpm tuberculatus) forests in that region. The soils of Mount 
Mariveles are not deficient in essential mineral salts and they show a 
very high capacity for retaining water. Tests made of representative 
specimens of the soil show that its average capacity to hold moisture is 
53 per cent in weight of water, calculated on the total volume of air-dry 
soil. It is very probable that this power lias a great deal to do with its 
capability of maintaining a sufficiently high chresard during the dry 
season, during which time the underground water level is lowered and 
the supply of water brought by capillarity to the surface layers is 
consequently less. 

There is no serious contention that the chemical constitutents of soil 
has any pronounced effect on ecological distribution, for the reason that 
nearly all soils contain the essential elements in sufficient quantities. 20 
Exception must be made to the deleterious nature of strongly alkaline 
and salty soils, and even here the effect is physical rather than chemical. 
In undisturbed conditions, with the exception of the amount tempo¬ 
rarily stored up in new growth, practically all which is taken from the 
soil by plants as mineral salts, is returned thereto in the shape of fallen 
leaves, twigs, etc.; it is only in cultivated ones where the crop is removed 
that they become worn out* 21 Attention will be called to peculiarities of 
the soil under the heading of formations. 

THE PLANT FORMATIONS. 

The types of vegetation on the Lamao Reserve inay be divided into six 
formations; viz, the Strand , the Kambtuta-Parlcui, the AnisopterarStro m- 
bosia, the Diptcrocarpus-Sh arm J the Shorea-Plectronin, and the Eugenia - 
Vaccinium . (Sec map.) 

J. The Bambusa-Pabkia Formation. 

Character of the formation .—The vegetation at the base of the moun¬ 
tain has been given the name Bambusa-Parkia because it is believed that 
in the genera Bambusa and Parkin are exhibited forms of plants which 
best indicate the response in the vegetation to the ecological conditions 
which are obtained in the habitat in which these genera prevail. The 
response is such as to meet the almost xerophytic conditions present 
during the dry season. The genus Bambusa, represented by several 
species, has some of the ecological advantages of trees and many of those 

* For a review of the literature on this subject sec Cowles, Hi C* The Influence 
of Underlying Rocks on the Character of the Vegetation. Bull . Am. Bureau 
Geography (1001). 

u See Livingston. B. E., Britton, J. C., and Reid, F. R. Studies on the Prop* 
erties of an Unproductive Soil. V. 8. Dept. Ag. t Bureau of Soils Bulk (1005) 
28. Tn this paper it is maintained that “worn-out” soils may be poisoned ones. 



of grasses. Often reaching to a height of 15 or 20 meters, the bamboo 
is able successfully to compete with the dicotyledinous trees of the same 
height. This advantage is best utilized during the favorable season, when 
conditions for growth and photosynthesis are at their maximum. While 
none of the bamboos of the Larnao Reserve are completely deciduous 
during the dry season, yet the total area of the foliage is much less then 
than during the wet one. This is brought about in two ways. Many of 
the leaves of individual shoots arc shed, leaving them with from one-third 
to one-half as many leaves as they would have* during the rainy season. 
In this way the bamboos simulate the semi-deciduous trees with which 
they grow. Those which remain may reduce their transpiration surface 
by curling up like grass. Again, some of the culms die down altogether 
during the dry season, thus reducing the transpiration surface of the 
clumps from which they spring, Brasses may either form sod by sending 
out runners or underground shoots which radiate in all directions from 
a common center*'or they may be cjuspitose, when they are commonly 
known as “bunch” grass. Jhtmboos, like other grasses, may he repre¬ 
sented by species of both types, although the “hunch” type is the pre¬ 
dominant one on the Larnao Reserve. While the individual shoots are 
short-lived, the permanency of the “bunch” is maintained. To sum up, 
the half-grass and half-tree like habit of the bamboo is peculiarly 
fitted to a formation which is midway* between the best expression of 
Schimper’s tropical rainy and his tropical savannah forest. 

Parkia roxburghii, the tree after which the dicotyledinous portion of 
the formation is named, is only one of a number which is deciduous a 
part of the dry season. (PI. 111.) While not so abundant as some of 
the other species of the same type, yet it is the largest, and most con¬ 
spicuous one present. 

Within the BambusorParkia formation there are many places where 
the bamboo element is altogether absent. This is more true of Parkia 
roxburghii, although the Parkia type (deciduous) is nearly always rep¬ 
resented by some species. Careful measurements of the chresard will 
no doubt show constant variations in different portions of the formation 
although, except for a narrow margin along the banks of the rivers, these 
differences are not thought to be great enough to justify a subdivision 
of this formation into tw r o or more coordinate ones. Rather, they are 
all considered to be stages, physiographic or artificial, in the life history 
of the -vegetation which the region is able to support and which is a 
mixture of the bamboo and of the semi-deciduous types expressed by the 
names of the formation. 

The map show’s the general limits of the formation. Briefly, it ex¬ 
tends from the upper limits of the littoral vegetation to a varying height 
on the side of the mountain. Making a liberal allowance for a tension 
line (ecotone) between this and the adjoining formation, it reaches an 
altitude of 75 meters on the south side of the reserve, while it runs up 
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the slopes of Limay Peak as high as 175 meters. Toward its limits on 
the south side, tongues of it extend farther up the lower slopes of the 
ridges, while on the north side it seems to occupy both the tops and the 
slopes thereof. Here it is especially well marked on the more exposed 
ends of ridges having abrupt termini. The terrace of the Lamao ltiver 
may or may not have isolated patches, but usually it is absent in these 
places. The region near the sea shows only isolated clumps of the indig¬ 
enous species of bamboo, although here the dicotyledinous trees are quite 
as characteristic as they are farther inland. 

The best expression of the Bambusci-Parkia formation is peculiar. 
The species called “boho,” probably Bambusa lumanpao , 22 is the charac¬ 
teristic form. Clumps composed of fifteen or twenty culms, some dead 
and some alive, and 12 to 18 meters .in height are on an average set 
at a distance of from 3 to 4 meters apart, not infrequently growing 
so close together that it would be found difficult to wedge one’s way be¬ 
tween the individual colonies. These make a shade so dense as practi¬ 
cally to prevent the development of herbaceous and woody forms which 
are not adapted to such conditions. Among the clumps here and there 
are seen the trunks of isolated dicotyledinous trees. In some places 
there are groups of three or four individuals, usually of different species, 
as closely set as th& bamboo colonics but more often they are 15 to 20 
meters apart. Indeed, if the bamboo growth should entirely be removed 
and replaced by a grass such as Saccharum sponianeum, the aspect of the 
forest would very much resemble the park-like forests of the savannah 
or prairie regions. One has only to imagine the grass in the open spaces 
between the trees in these latter places to be 15 instead of 2 meters 
high to obtain an approximately correct idea of the aspect which the 
bamboo forests of the Lamao region presents. As a rule, the dicotyled- 
inous trees overtop the bamboo growth by 6 to 10 and even by 15 meters. 
There arc perhaps as many scattered younger trees as there are older 
ones which do not reach to the level of the bamboo roof. Independently 
of the bamboo, the canopy presented by the dicotyledinous tree element 
shows an extremely irregular profile. The convex portion of the latter 
is due to the higher semi-circular crowns of the trees overtopping the 
bamboo; those of the single trees form the smaller convex areas, those 
of the groups, the larger ones, and these may in turn form smaller irreg¬ 
ularities which are due to the differing height of the individuals com¬ 
posing the groups. The bottom of the depressions between the isolated 
trees or groups of trees is the top of the bamboo colony. During the 
dry season, especially, the foliage of the bamboo growth shows a browner 
color than does that of the evergreen element. On the one hand, there 

“With the exception of the dirnbing forms, none of the bamboos have been 
found in flower or fruit. These identifications have been made from vegetative 
characters. 
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are the usually gray tops of the deciduous and the dark green of the ever¬ 
green trees, and, on the other, the brown tone which accentuates the 
irregularity of the profile, and so, when it is viewed from a distance at 
an angle, the park-like nature of the formation is strikingly shown. 

The floristic composition varies. Where it borders on the next one 
above, it partakes of tlie nature of the latter and imperceptibly grades 
into it. In a plot 2 kilometers inland, at an altitude of 30 meters, 
Albizzia procera forms a conspic uous element;, but, so far as my obser¬ 
vations go, this is the only tree which remains deciduous throughout 
the dry season. Besides Parkin roxburghii, the other trees prominent in 
this plot are Oroxylum indicum, Zizyphus zonulatus, Bombax ceiba , 
Lagerstramiia speciosa, Canarium villosum, Anisoplera vidaliana , Piero- 
cymbiurn tinctorium, Ficus variv.gata , Koordersiodendron pinnatum, 
Wrightia laniti, Adenanlhciu yarn ninn, Albizzia mponaria, Premncu 
cumingiana, Mangifera altismna, Aphananlhe phUippinensis, Artocarpus 
communis, and Buclianania florida. Among the smaller ones are Memo - 
cylon cduhj Slreblus asper, Gyclostemon bordenii, Mallolns philippinensisj 
and others. Some of the ones mentioned above are deciduous during a 
portion of the dry season, while others arc continuously green, but then 
they have a much lesser area of foliage than is found during the favor¬ 
able time of the year. Nearer the AnisoplcrorStrombosia formation in 
addition to the species just mentioned are Shorea guiso, Diptcrocarpus 
vernidfluus, Euphoria cinerea > Strombosia phUippinensis, Aglaia harm- 
siana, Evodia glabra, and Talauma villariana . The less frequent trees 
are Endospermum pcltatum, Draco ntomel urn cumingianum, J l lip e rami - 
flora, Sterculia oblongata, Myristica philippens is, Uonocaryum larla- 
cense, Parinarium griffithianum, Palaquium tcnuipeliolalum, Macaranga 
tricolor, M. tanarins , Carallia integerrina, A Istonia scholar is, and others. 
All the species in these last two lists are evergreen throughout the dry 
season with this exception, that some of them may he completely deciduous 
for a day or two. All of them show less leaf surface during this time, and 
the deciduous element is nearly as striking as it is in the region nearer 
the shore. 

The type of the Bambusa-Parkia formation, which has just been 
described probably occupies one-third of the area mapped as such. The 
other two-thirds come under sub-formations which are considered to be 
stages in development. As already indicated, isolated groups of bamboo 
are present throughout and these may or may not be accompanied by 
the dicotyledinous species named above. The closed bamboo forest does 
not approach nearer than 1-J kilometers to the shore, though “boho” and 
other bamboos are present near the coast line. One of these*, Bambusa 
blumeana, probably an exotic form, is the species used in building opera¬ 
tions in the Philippine*. It is the tallest of the bamboos, and with 
its pagoda-like growth forms the most conspicuous feature overtopping 
the low, shrubby vegetation near the seashore. Whenever the “colonies” 
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are closely set they form impenetrable thickets. Where Bambusa blu - 
meana is planted, the colonies occur in rows along the edges of overgrown 
clearings. 

Effect of artificial disturbances on the formation .—There is both 
historical and vegetational evidence that much of the area under con¬ 
sideration has been cultivated. Clearings called “eaingins” by tho 
natives are merely openings made in the forests by cutting and burning 
the vegetation. There are all degrees of this destruction, and after the 
existing vegetation is wholly or partially destroyed, the clearing thus 
made may perfunctorily be cultivated and then abandoned, or it may be 
more thoroughly tilled and after a number of years deserted. In any 
event, whatever the state of the removal of the original vegetation, the 
natural equilibrium lias been disturbed by this means and a new but 
temporary habitat has been created which allows of tho invasion of a 
type of vegetation which differs from that which has preceded it. Either 
these clearings may grow up to form grass lands, in which event they 
may become known as “cogonales,” on they may be occupied by arboreal 
species. The nature of the vegetation which first gains an entrance 
depends on the extent to which the clearing is cultivated, on the nature 
of the surrounding vegetation, on the kind of habitat, or on disturbances 
after the clearing lias been abandoned. It should be emphasized that 
the term caingin is applied to the place which is cleared for cultivation. 
It may remain this name as long as its origin is recognized, no matter 
what sort of vegetation may invade after it has been abandoned. 

Vidal 23 first called attention to a peculiar type of tropical vegetation, 
prevalent near Manila, and called by the natives ‘‘parang.” (Pis. Ill 
and IV.) Ilis description of the origin of parangs is as follows: 

Abuse in the utilization, which until a very recent time was not subject to 
any restriction whatsoever, has reduced to shoots the masses of forest which 
formerly covered the lowlands, eradicating almost all good timber trees. In fact, 
the aspect of these tracts covered with shoots and saplings difTers from the one 
to be observed in analogous localities of the temperate zones. Being so covered 
with woody vegetation and young trees, to an unpracticed observer they would 
appear to be regular woods. Such places are called in Tngnlog “parang,” 
a name which should find acceptance in the technical phraseology of the Philip¬ 
pines in the same way as has the word “jungle,” whieli has been admitted by 
the foresters of British India, because new things must have new names. The 
“parang” might be defined as an extensive area, covered with brushwood and the 
trees of the invading species, which have taken the place of those existing before 
the cutting or burning. The study of these places has a practical importance 
in the great question of the throwing open of public territory for settlement, 
because usually they are the most salable of the unoccupied Government lands. 

When one species becomes dominant in such places the term may be 
modified by the native name of the principal tree. Thus, on some old 

* Vidal, D. Sebastian, Catdlogo Metodico de las Plant as Leiiosas Silvcatres y 
Cultivadas observada * en la Provincia de Manila (1880) $^-10. 
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maps of Bataan Province one finds such combinations as "Parang de 
Culis” (Memecylon edule) or "Parang de Ligaa” ( Zizyphus) and others. 
I can do no better than use this word "parang'’ as a general term for the 
types of vegetation about to be discussed, no matter what their origin, and 
to distinguish one type of parang from another by the generic name of the 
principal or characteristic species. In cn ingins which have been aban¬ 
doned for long periods the invading vegetation often simulates that of 
the parang to such an extent that at times it is difficult to distinguish 
its origin. However, in the parang proper exotic species are rarely 
present, and if present, never predominate. 

The laws controlling the invasion of plants into new habitats or into 
old modified ones, have long been recognized and are more or less dearly 
defined. 24 It must be remembered that the types of vegetation which 
are now to be discussed are only stages in the return to a climax formation 
similar to the Bambma-Parkia formation, which has already been de¬ 
scribed. 

Parangs .—The process of reducing the forest may be arrested at any 
of its stages. Usually, the original growth is not taken away at one time. 
If the bamboo is sought, its removal leaves large, open places between the 
dicotyledinous trees, but all the culms are usually not taken, and even if 
they are, the food supply stored in the ewspitose bases would enable the 
clumps to recover their normal condition so quickly that the short 
respite granted the undergrowth does not enable it to gain much headway. 
However, repeated and frequent cuttings have a tendency to thin out 
the bamboo growth, for with a reduction of the pliotosynthetic surface, 
less nutritive material is stored in the underground parts, and thus 
shoots may be removed faster than new material can be elaborated to 
replace the stored-up food. In this way dumps may be entirely reduced, 
or at least so much thinned that other vegetation will have a better 
opportunity to compete. The result is that many species which before 
were poorly developed, at once spring into prominence. Trees, shrubs, 
and lianas which were present in the original forest then give character 
to the vegetation. Of course, if any of these are removed with the 
bamboo, they, like the bamboo, are not in situ to compete with the exist¬ 
ing vegetation. The character of the new vegetation will partake of that 
of the old, minus the species removed. 

Dinochloa Parang. —One of the lianas found scattered in the original 
forest of the Barnbusa-Parkia formation is Dinodilon diffusa, itself a 
bamboo, with a habit of growth which makes it peculiarly fitted to spread 
into the open places made in the forests. Where supports are present, 
like other lianas, it presents most of its foliage in the top of the forma¬ 
tion. The stem may branch at long intervals. These branches may 

“See Clemente, F. E., Research Mot hods in Ecology. 205, for a statement of 
the laws of invasion of plants into clearings; also Wliitford, H. N., The Forests 
of the Flathead Valley, Montana, Rot Gas. (1005) 39: 282-283. 



spread horizontally for some distance and then they may become upright 
if the necessary support is present. Many branches recline on the 
ground, in which case movements of soil or gathering of vegetative 
d6bris may cover these branches, which then may root at the nodes, and 
thus, in case older parts are destroyed, new centers originate. While 
Dinochloa diffusa was found in fruit during the two summers under 
observation, yet very few seedlings were noted; consequently its seedling 
condition remains yet to be investigated. It will be seen from the above 
that Dinochloa diffusa is well fitted to invade clearing habitats from 
surrounding places by means of its diffuse habit, or, if already present, 
it may form dense growths more rapidly in case there is any disturbance 
in its own habitat. If its tall support is removed, its reclining portions 
lie prone on the ground or near the ground, if the underbrush is able 
to support it. In the case where the shrubby vegetation is sufficiently 
strong to hold the reclining portions above ground, a roof is formed under 
which one may, by maneuvering, find ft way through, because the shade 
is so dense that practically no new plants arc able to gain a foothold. 
If the weight of the roof becomes so great that the shrubs or small trees 
supporting it are broken, then the Dinochloa roof in places rests on the 
ground. In this condition it is so jungle-like that it is very nearly im¬ 
possible to penetrate without the use of a knife. Especially is this 
the case when growing with the Dinochloa there is a climbing palm 
(Calamus). All through the Bambma-Parkia formation Calamus mollis 
major,™ called “uay” by the natives, is found scattered. Especially when 
relieved of its support, portions of it lie recumbent or arc intertwined 
among the branches of the Dinochloa . 

The north ridge of the reserve from the sea coast to a distance of 2 
kilometers inland shows the best development of this climbing bamboo. 
Here isolated trees of the Bambusa-Parkia formation, especially Parkia, 
Albizzia, and a few clumps of Bambusa lumanpao , are found. Some 
places show the entire absence of the Dinochloa and simulate the more 
shrubby parang to be described below. The species accompanying 
Dinochloa are practically the same as those found in the other types of 
parang, excepting that they are more scattered where the Dinochloa is 
thickest. Indeed, no continuous stretches of the Dinochloa parang 
prevail, but, rather, patches of it are encountered alternating with areas 
of other types. There is no doubt that the Dinochloa parang is found 
in places where artificial conditions have not been made. In that case 

®Th© species of the genus Calamus known as rattan or climbing palms go 
under the Spanish name “bcjuco” by the natives, who have individual names for 
the different species. Because of their economic importance the natives are 
especially keen in distinguishing them. Many of the species have not been scien¬ 
tifically determined and such species will be designated by their common names 
with the understanding that these names have no general application, for they 
may differ in the various provinces. 



it ia to be considered a natural and not an artificial stage in the develop¬ 
ment of the forest. 

Hireblus-Apliananthc Parang .—In order to give an idea of the iloristie 
composition of other types of the parang, the following three plots are 
tabulated. Only trees which are over 4 meters in height are enumerated. 
Smaller species will be mentioned in a detailed description. The area 
of each plot is approximately 1(50 square meters. 

DESCRIPTION OF PLOTS. 

Plot A is on an old river terrace, 3J kilometers inland and at an 
altitude of 70 meters. It has a gentle slope toward the river. Plot B is 
in a similar situation at 2-J kilometers inland and at an altitude of 50 
meters; plot 0 is 2 kilometers inland and at an altitude of 35 meters. 

Tabu? XII. 


Name. 
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> Canarlum vlUouum... 
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A mere enumeration of the species does not give an adequate idea 
of this parang. Its profile is exceedingly irregular (PL IV). In¬ 
dividual specimens of the taller trees, Anisoptera vidaliam, Mamranga 
bicolor> Parlcia roxburghii , Buchanania florida , Arlocarpus communis , 
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and some times Aphananthe philippinen&is overtop the others at varying 
heights. Disregarding the upper story, the younger trees together with 
mature smaller ones form a less regular profile. (See Table XII for an 
enumeration of the species.) Between the plots on the one hand and 
the “cogonales” on the other, more numerous in the tension zone or 
crowding in between the individuals of the lower story, are young trees 
or saplings of the older species and also the distinctly shrubby vegetation. 
TabcrmvmonUina pandacaqui, Memveylon edulc , Leea manillemis, Ixora 
enmingii. Bregma acuminata, Fluggea obovata, Micromelum pabescens, 
Ouioa perrottetii , SU'eblus asper , and Prernna nauseosa are characteristic. 
By actual count, these predominate in the three plots under consideration; 
but the latter are varied so that the species which are found in one may 
or may not predominate in the others. The same may be said,, of the 
younger trees. For instance, in Plot B Ilarpullia arborm is represented 
by eighteen individuals, while it is not present in the other plots. In 
similar anrl even in adjoining patches of the type of parang under 
consideration, especially on the edges, there is found Gmclina hystrix , a 
small tree to 4 meters in height, with long pendant branches, or 
Mussamda grandiflora* which accentuates its numerical importance by 
the large, white, bract-like calyx lobes. Among the smaller shrubs, the 
spiny Plvclronia pcduncularis is found throughout the different types 
of the parang, and Otophora fruticom is but slightly less frequent. 
Briddia slipidaris , a common, subseandont shrub whose branches trail 
over the tops of the neighboring shrubs and small trees, has the appear¬ 
ance of a liana. The most common and large, woody lianas are Uvaria 
rufa8 mi! ax bract eata, Teiracera sarmentosa , 1 ch no carpus ovatifolius , 
Celastrus paniculalus , Cries lis rami flora , Mucana imbricata, and the 
subseandont Rourca multi flora 3 all of which reach to the tops of the 
tall trees when these supports are present, or in their absence, sprawl 
over the tops of the lower story or even lie prostrate on the ground. 
Often THnochloa diffusa (PI. IV) and Calamus mollis major are found 
in this parang, which shows its close relation to the vegetation of the 
IHnochloa parang, which has already been described. Indeed, almost 
without exception, although their numerical importance is less, the 
species present in the former occur in the latter class. Another form 
of plant found in the parang is the smaller liana which differs from the 
larger one in habit as much as shrubs differ from trees. Among these 
the vitaccous Cissns repens , C. japonica , C. gcniculala , and Tctrastigma 
lanceolarium are common; also there arc species of other families such 
as Ahrus puchdlus , f/yg odium circinalum. Piper sp., Flagcllaria indica, 
etc. The herbaceous vegetation which appears to best advantage during 
the rainy season will be left to a later discussion. 

Mixed parang. —In Plot A of the table given above it will be noticed 
that such species are present as Anisoptera vidaliana, Shorca guiso , and 
others characteristic of the Bambvm-Parha formation. These trees give 





character to the parang. Such a type is by Vidal * 6 termed a “mixed” 
one in contradistinction to the parang proper, where species of the 
Dipterocarpacece are entirely absent. In Plot B a few seedlings of 
AfiisoptcTd vidaliana and Shorca guiso were noted, althougli there were 
no mature trees, and in Plot C none at all were present. It should be 
noted that without exception the species found in all the different types 
of parang arc present in the original Hambum-Parkm formation, and in a 
discussion of the floristic composition of tlic lnlter, an enumeration of 
other than the large tree species was omitted to save? needless repetition. 
It may be stated, then, that the mixed parang differs from the Bambum- 
ParJcia stage not in its floristic composition but in the numerical im¬ 
portance of the species of which it is composed. In the parang the 
smaller trees and shrubs predominate over the tall bamboo and the larger 
dicotyledinous trees, because the shade which formerly prevented their 
best development, had been removed. Indeed, as in the case of the 
Dinochloa parang, isolated patches of original vegetal ion very much like 
the parang proper or the mixed one may he found in the midst of the 
best development of the Bamhwa-Parkin formation, although these are 
only encountered in especially dry, physiographic situations. The ex¬ 
planation of the Dipferocarpaced in Plot A perhaps lies in the fact that 
the original vegetation was not destroyed as completely as that in B and 
0, where not only are the Diple.rocarpacea ’ absent (except seedlings) but 
where the total number of larger trees is less. (See Table XII.) It 
might be maintained that the habitats which 1 have designated as Plots 
B and C are not able to support the vegetation of A, if it. were not for 
the fact that in closely adjoining areas, in similar habitats, the Bamhusa- 
Parlcia combination prevails. 

Other types of a parang occur over large areas nearer the sea coast on 
the south side of the reserve. They extend back to a distance of 4 or 5 
kilometers and iu places on the north side reach an altitude of 100 meters. 
These show a still greater reduction of the original vegetation, before 
the present growth was allowed to develop. According to the nature 
of the reduction there are three forms of this typo. They are as follows: 

(1) Areas which have been reduced to a greater extent than those I have 
discussed, so that nearly all of the original tall trees have been cut out; 

(2) areas in which all the trees have been cut, but not all killed; (3) 
areas in which all of the vegetation has been removed, the land cultivated, 
and then the vegetation allowed to reestablish itself naturally. This last 
form, which is the “eaingin,” may or may not pass through the grass 
stage before it reaches the arboreal one. 

As previously mentioned, during the inroads on the forest, the best of 
the bamboo and dicotyledinous trees are taken out first. As the cuttings 
cause the timber which is most desired, io retreat farther from the shore 


/. c.. 10 . 



394 


line, the difficulty of transporting the material taken out increases. After 
this period the less desirable timbers are removed. In this way all the 
taller trees may be destroyed and only those which are able to sprout 
from the stools will remain. In the meantime, the shrubs, vines, and 
worthless small trees which give character to the landscape have been 
given an opportunity subsequently to gain a better foothold. Even these 
may he removed partially for firewood, and as a result very low brush 
land is all which remains in the neighborhood of the towns. So various 
are the stages that it is difficult to classify them. 

Iai rgcrstroemia-Zizyphus parang. —This form of parang has been 
named after Lagerstrcemia speciosa and Zizyphus trinervis because these 
two species predominate or at least give character to the landscape. I 
believe that both of them owe their place in this type to their persistent 
habit, of sprouting from the base of the trunk after the tree has been cut. 
In this case they form low, shrubby trees which, with the other associated 
species, compose the type. In addition to the two tree species mentioned, 
in one plot of approximately lfiO square meters, the following are 
common: Bridelia slipufaris, Premna navseosa , Lem manillenm , Ficus 
hauili , Oroxylum indicum, Albizzia procera , Cordia blancoi , Tlarpullia 
arborea , Litsca term, Scmccarpus perrotteiii, Ficus sinuosa, Slreblus 
asper, Canarium villosum , Tabernamontana jxindacaqui, Otophora frur 
ticosa. With the exception of Oroxylum indicum and Albizzia procera, 
there is a tendency for this type to form an almost level top which is 
about 3 meters in height and which is thickly covered with herbaceous 
and woody vines ; thus a dense shade is formed because of which, species 
not already present are practically excluded. However, Oroxylum in- 
dicum and Albizzia procera stand isolated above this raised platform 
and during the dry season their bare limbs are in striking contrast to 
the evergreen vegetation below. In other places Polynias nodosa, with a 
rosette of large pinnate leaves, rises to a height which is twice or thrice 
that of the green lower story. 

Each partial attempt to clear such vegetation, or any further inroads 
made upon it to secure firewood and construction timbers of the lowest 
grade, tends only still further to reduce the coppice vegetation, or it 
gives greater opportunity for the growth of species like Bridelia stipulates 
and lianas of various sorts. In ibis way, just as a closely cropped lawn 
increases in thickness, the parang gains in density and loses in height. 

It will be seen from the above reduction scries that all stages of the 
parang may be obtained from the climax formation of the Bambmi - 
Parkia formation to that of the low Lagerstramia-Zizyphns. Many in¬ 
termediate conditions were studied. In some places Premna nauseosa or 
Gmelina hystrix give a different floristic composition to the parang; but 
whatever the species, the ecological type is the same, namely, the coppice 
form, mixed with small trees having scandcnt branches and many small 
woody vines. The species which are thus reduced invariably reach a good 



height if they are given an opportunity to develop and they are always 
found as taller trees in the bamboo forests or in more xerophytie physio¬ 
graphic situations within that forest. 

The interpretation of the genetic degeneration of the Bambusa-Parkm 
formation given above is based almost entirely on comparative observation. 
Different stages from the lowest to the highest type may be seen lying 
adjacent to each other in a single habitat. These places usually adjoin 
the more reduced stages, viz, the cultivated clearings and eogonal. In 
two instances the progress of the vegetation on actual cuttings was 
observed at intervals throughout a period of fourteen months. Both, 
abandoned before completion, were made in the Sirchlus-Aphananthc 
type with the evident intention of clearing the land for cultivation. 
Many of the larger trees were left and in some places in the same clearing 
only slight inroads were made on the standing vegetation. An observation 
of these stages at later intervals, showed an incomplete development of 
all the forms of the parang just described. 

It will be noted that no mention has been made of the vegetation 
occupying total clearings. It has been seen how the forest gradually 
lias been reduced to the parang stage. It is only one stop further to 
destroy it entirely. In the case of the parangs discussed, the forest is 
not cleared and prepared for cultivation; while in that of clearings the 
whole? of the vegetation may he removed, the land tilled for a number of 
years and then abandoned, or what is more often the case, patches of it 
may be denuded, or large trees left standing. It will at once be seen 
that the resultant nature of the vegetation which invades these clearings 
when they are once more left to nature depends on their condition of 
reduction. I jet it be assumed that the reduction is complete. Grass 
lands may then predominate in such clearings and a discussion of the 
causes of their development will first be given. 

Go<foiutics. —Clearings in the Philippine forests or on their borders, 
which are covered hv grasses, are known as “eogonalos” (PI. V), but there 
are no places on the Lamao forest reserve where the hitter appear as the 
climax vegetation. Without exception, they are only stages in the reestab¬ 
lishment of the normal vegetation removed by man. The first periods in 
the development of vegetation in caingins, in the best expression of the 
7 lambusarParkia forest, have not come under my observation, but it 
is not thought that they differ materially from those in the parang 
after it has been well established or indeed in clearings made in the 
Amsopicra-Strombo&ia forests to he discussed below. Usually, such 
clearings arc made on the borders of others and consequently, when 
abandoned, ninny seeds from these places find early lodgment. However, 
if the clearing is made during the dry season the migrated seeds do not; 
develop until the wet one. This gives an opportunity for seeds to migrate 
before many germinate and therefore the first season shows vigorous 
weeds such as Blumea bahamifrra. Klephantopus mollis. Emilia flrunmra. 



E. sonchifoluij Adenostemma viscosum , Ageratum conyzoides, Triumfetia 
rhomboidea, Urena dnuata, Scoparia dulcis, Abuiilon indicum, Sida 
carpinifolia, Commdina nudiflora. Solatium for ox, Ilyptis suaveolens, 
H. spicigera, Euphorbia pilulifera , and others. Among the vines are 
Momordica charantia, Mcrremia hastata , several species of Ipomcca and 
others. All are more or less rapidly growing, herbaceous forms with 
seeds adapted to easy distribution. During the dry season many of the 
above have partially disappeared. 27 Those which are left show a reduc¬ 
tion of leaf surface, so that the thinness of the vegetation in these first 
stages is comparable with that of the tree vegetation of the Bambusa- 
Parkia formation. At this time a number of grasses also find a place. 
Among them may be mentioned Panicum pilipes, P . sarmentosum, Oplis - 
menus burmannii, and Centotheca lap paced. Imperata cxaltata , the 
principal eogon grass, gains an entrance more slowly, but after the first 
year it begins to give a decided aspect to the vegetation. This is due to 
the rapid development of underground shoots by means of which, from 
a common center, it can migrate in all directions, and soon establish a 
more or less dense sod which shades out other forms. With the appear¬ 
ance of the eogon there is initiated a new period which may be prolonged 
to a greater or less extent. If the soil is shallow, as is often the case on 
an exposed ridge where erosion is great, many of the more mesophytic 
forms, growing with the grass during the wet season, may not be able to 
survive the period of drought, and thus the encroachment of woody forms 
is slow. Nevertheless, if the periphery of the “cogonal” is the edge of a 
wooded area, the shade on the border may be sufficiently dense to make 
impossible the existence of the grass, although woody species which are 
not so light-demanding, may obtain a foothold. With each generation 
the shady periphery advances on the island of grass and in time replaces it. 

Again, in more mesophytic places, a grass land once established offers 
a more or less favorable feeding place for cattle, carabaos, and horses. 
Tn order that the coarse grass may not become ioo woody, or for other 
reasons, the owners may burn the area periodically. Thus many ligneous 
species which may have started are killed, while the geophilous parts 
of the grass arc uninjured. Hence, by repeated fires, cogonales are main¬ 
tained indefinitely and even enlarged at the expense of the neighboring 
woody formation. As soon as the fires are checked, the invasion begins 
anew and in time the grass will be crowded out. The rapidity of the 
invasion of woody species depends on the nature of the surrounding 

87 Th« line between annual and perennial on the one hand and herbaceous and 
woody plants on the other can not be so closely drawn in the Tropica as in 
temperate regions. The life of the same plant may he prolonged in one situation 
over the dry season, while in others, less favorable, it dies down to the ground. 
Most of the plants mentioned in this list can spring from seed, and flower in one 
season. Usually the rapid growth is during the rainy season while at its close, 
reproductive activity sets in. Most of those having perennial root stalks become 
more or less woody and persistent and therefore can not strictly be called herbs. 
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vegetation and on the chresard of the soil. If the chresard is high, it will 
be rapid; if, as indicated above, it is low, then it will be slow. Imperata 
exaltata grows to the height of a meter or more. This altitude together 
with its more or less dense sod enables it successfully to compete with 
other grasses, but occasionally openings in the “parang” are found in 
which Andropogon aciculatus, which is propably a better forage grass 
than cogon, is present; this forms a carpet, but unlike the cogon it spreads 
by runners above ground instead of by root stalks. I t does not grow to 
a great height and many instances were noted where it is being crowded 
out by the cogon. The Andropogon areas are never so extensively de¬ 
veloped as the cogonales although patches of the former are often found in 
the latter. Imperata arundinacea koenigii, the smaller “cogon” grass, is 
also present in the grass lands, although it, like the Andropogon is not 
so successful as /. exaltata. While many other grasses are present, 
especially in the early stages of the development of the “cogonales,” vet 
none are conspicuous numerically. The large bunch grass, Saccharum 
spontaneum, so characteristic of the lowlands in semi-hydrophytic con¬ 
ditions, is confined to individual specimens on the rocky Hood plains ot 
the rivers and to the abandoned rice lauds near the mouth of the Alangan 
Biver. 

Psidium parang .—The invasion into the cogonales of arboreal species, 
or into caingins, brings about the initial stages of temporary formation 
in which tree instead of grass species predominate. After the beginning 
“weed” stage the cogonal, as shown above, may intervene before the tree 
stage is reached, or if the conditions necessary for the cogonales are not 
obtained, the transition may be more or less direct. All the steps in the 
transition from the newly made caingin to the fully developed woody 
type have been observed. Tf the caingin is surrounded by a forest in 
which there are no exotic species, the seeds of the hitler which enter 
will need to be blown by the wind or carried a long distance by birds and 
other animals. The chances are that none or but a few exotics will be 
present. Without exception, clearings observed in the. Anisoptcra-Strom- 
bosia forest had no exotic tree species. The surrounding forest or the 
closely lying open places furnish the seeds which arc to develop into the 
plants which form the invading vegetation. The floristie composition 
will be discussed under a treatment of such clearings in connection with 
the Anisoptera-Strombosia formation. 

As in the case of cuttings, the first “clearings” are made near the 
seacoast, or if inland, they may radiate from a common center (settle¬ 
ment) in one or more directions. When, finally, the clearing has been 
made and abandoned, as already described, it may pass through the 
cogonal stage; but if the conditions for the development of the latter 
are not present, then the arboreal one has an early beginning. The most 
common tree species found in these clearings and the first one to enter is 

41889—i 
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Psidium guajava (guava.) Blanco 8 * to the contrary notwithstanding, 
this plant is believed to have been introduced from Mexico, its original 
home. The facts that it has no native name and that it is never found 
where the original vegetation has been undisturbed, certainly constitute 
strong evidence in favor of its exotic nature. The guava is well 
fitted for distribution. The edible, fleshy fruit is well filled with very 
small seeds which, when eaten by hogs, birds, etc., pass through the 
intestines undigested. In this way they may gain an early entrance 
into abandoned clearings. They are even found scattered through farms 
which are still in a state of cultivation. Such clearings early come to 
have a “guava” aspect. The tree sprouts freely, and if it is cut for fuel, 
new shoots are produced. Types of parang, which show no places where 
the vegetation has entirely been removed do not have the guava, but a 
partial removal of the vegetation intermixes the other types with that 
of the guava. Other species will also soon invade clearings from which 
all the vegetation has been removed, and then will join the guava in 
forming the new growth. In this way large tracts of land have come to 
be occupied by the guava mixed with the species of the other parangs. 
On the reserve there are all stages in the development of clearings. 
An enumeration of the species will be only a repetition of those 
already given. Groups of other cultivated trees which 9how the former 
condition are scattered through the guava parang. Thus isolated indi¬ 
viduals or groups of Mangifera indica (mango), Anacardium occidcntdle 
(cashew), Artocarpus integnfolia (jack fruit), bananas, papaya, Geiba 
pentandra, Areca catechu, and in one case Cocos rmcifera were found 
scattered through the various stages in the development of a parang. 
Mention has already been made of the place in the vegetation of the 
building bamboo ( Bambusa blumeana). No attempt has been made to 
enumerate all the indigenous species which were found. In spite of the 
detailed description of the different types, it is still felt that justice lias 
not been done to the extreme floristic complexity of the vegetation. 

Seasonal changes of the formation .—The aspect of the parang, like 
that of the Bambnsa-Parltia forest, changes with the season. During 
the dry one many of the herbs die to the ground and all are much 
reduced in foliage. The trees show the result of drought and drop a 
portion of their foliage. 

As a whole, the transpiration surface is decidedly thinner. While some 
of the trees flower irrespectively of season, yet the reproductive activity 
of a much larger number begins in May and continues through July. 
These three months arc distinctly the flowering ones. Vegetative ac- 

“ Blanco, M., Flora de Filipinas (1845), 202, claims that fossil forms of this 
plant have been found by the natives in volcanic rocks near Manila. He docs not 
state that he lias seen these plants himself. Brandis (See Forest Flora of India, 
232) and others claim that it is certainly exotic in India and the Malayian region 
in general. 
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tivity may be present in all, but it is decidedly much more in evidence 
throughout the entire length of the wet season. During 3 or A months 
bamboo culms reach a height of from 12 to 15 meters, the shoots of 
trees develop rapidly, and herbaceous vegetation springs up with sur¬ 
prising quickness, the change from the dry to the wet season resembling 
to some extent the spring activity of vegetation in temperate regions. 20 
Aside from the clothing of the trees with their full quota of leaves, 
the appearance of numerous herbs of various kinds decidedly changes 
the aspect of the vegetation. However, it is strikingly true that almost, 
no herbs appear in the dense parang growth or in the bamboo forests, 
save here and there a few ferns, but on the edges of the clearings, 
in cogonales and, indeed, in any place where the vegetation is suffi¬ 
ciently thin to admit light to the ground, the latter is soon covered with 
various herbs. Among these, weeds sueli as Hyplis, Triumfetla , Adenos- 
lemma , etc. (see p. 39(5), are apt to form thickets on the edge of cogonales, 
where the shade of the surrounding tree vegetation is too great for the 
grasses. Among llie first geophilous herbs is Amorphophallus campanu- 
laius. About the middle of May, in places, in the thinner parts of the 
parang this species develops from a spherical conn, 15 to 20 centimeters 
in diameter, to an inflated spathe as large as one’s head. Soon after the 
flower dies, a three-parted leaf with the segments pinnatified and with 
a spotted petiole appears. Often this reaches the height of 2 meters 
and is strikingly prominent in contrast with the surrounding vegetation. 
About the same time the flowers of Curcuma zedoaria and Zingiber 
zerumbet become apparent, to he followed by colonies of the carma-like 
leaves of the Curcuma and the pinnate ones of Zingiber . These art* the 
most prominent of the geophilous herbs which frequently occupy large 
patches to the exclusion of all others. Oogonals which are brown in the 
dry season, rapidly turn green during the wet one, and in places where 
the grass is thin, many herbaceous plants or seedlings of arboreal 
species appear. In July, colonics of Ophioglosmm nudicaule , or single 
individuals of IIelminihostachys zeylanica among the forms, grow in 
half open places on the edges of the parang or of the bamboo. By 
September these have disappeared. Prominent ferns, all but geophilous 
during the dry season, arc Ilcrnionitis an folia, //. g y m n opt er odea> Gym - 
noptcris taccifolia, Polybotria apiifolia and Adianlum philippense. 
Cheilanthes tenuifolia is xerophytic and tropophilous. Anthoceros gran- 
din of the liverworts, prominent during the wet season on moist banks, 
and a few mosses are all which were noted of the Bryopliytcs. 

Epiphytes .—The epiphytic vegetation, although not well studied, 
shows a scarcity of species in comparison with the formations higher up 

■» However, it must, not be overlooked that nmny trees show vegetative as well 
as reproductive activity during the period of low chresard. This is especially 
the case with plants growing on the edges of water courses, where the chresard is 
more uniform throughout the year. 
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the mountain. The evergreen species of the parasitic Loranthaceos 
which are found on the limbs of Parhia roxburghii (PL III) and on 
other species are, however, very striking. These are prominent features 
of the sky line when the foliage of the trees is thin. Very common also, 
in open places, on the trunks of trees, on rocks, and on fallen logs, is the 
deciduous epiphytic fern, Drynaria quercifolia. During the favorable 
season it has dimorphic leaves. During the dry season, the foliage leaf 
is shed and the scale leaf becomes dry and brown, strikingly showing the 
effect of the change of seasons on the formation in which it grows. A 
few epiphytic orchids were noted and were collected, but as the species 
as yet have not been determined the list can not be given here. The 
twining asclepidaceous epiphytic Dischidia pcctenoides is usually found 
growing on bamboo near the upper limits of the formation. Besides 
the ordinary leaves, it has bladder-like ones which generally harbor insects 
and in which delicate roots are developed. 

Relation of the vegetation to the topography .—In the preceding discus¬ 
sion some mention has been made of the varying types of vegetation in 
different physiographic situations. With the exception of the land lying 
close to the river, the physiographic types are ridges, slopes of ridges 
and old river terraces at or near their bases. Except when the latter 
are of such recent origin that the underground water level is near the 
surface, they do not offer any strikingly different habitat for plants than 
the more gentle slopes. The terrace appearance is often destroyed by 
the surface wash of the slopes and thus it grades imperceptibly into the 
latter and becomes a part of it. The river is young, so that as yet there 
have not been developed any flood plains, although during the rainy 
season the lowest terraces are flooded. The vegetation of these and of 
the river channel itself will be considered in another place. On the 
exposed ridges the vegetation is slightly more xerophytic than it is on 
the slopes, and here its composition is similar to that of the parang. 

Future possilfilities of the parang vegetation .—Since the parang is not 
peculiar to the Lamao Reserve, but is found throughout the Philippines, 
it is of considerable importance to ascertain what its forcstal and agricul¬ 
tural possibilities are, and whether, in case it is left idle, it will again 
return to its normal condition. As long ago as 1880 Vidal 30 called 
attention to the idle nature of these lands and then he advocated their 
agricultural possibilities. No doubt much of the land is available for 
agriculture, but that portion which is situated on the slopes is better 
suited for purposes of forestry. Outside the reserve, on many mountain 
sides, the parang or cogonales extend well up on slopes which formerly 
were covered with virgin forests. The latter acted as better retainers of 
moisture than does the present vegetation and with the advent of a more 
intense agriculture at their bases, if they are returned to their original 


80 L. c., p. 10. 
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condition, they will be not only the future source of a timber supply but 
they will be the best conservers of water for irrigating purposes. 

There is evidence to show that without the aid of man much of the 
"mixed” parang of the Lamao Reserve is returning to the original condi¬ 
tion of^ the dieotyledinous portion of the Bambu&a-Parkia formation. 
However, this does not include the bamboo portion of the formation. 
To understand the reason for this, it is necessary to know something of 
the seeding habits of this class of plants. It is obvious that, vegetatively, 
the "bunch” bamboos can not spread in such a manner as to occupy new 
territory, therefore, this type is wholly dependent on seeds for its distribu¬ 
tion. With the exception of the climbing bamboo, Dinochloa, none of 
the bamboos of the Philippines have been collected in seed, and therefore 
it is apparent that the capacity of the "bunch” bamboos to spread from 
seed has not come under observation. The evidence furnished by British 
Indian foresters throws some light on the reproductive habits of this 
variety of vegetation. Kura ;u is authority for the statement that a 
number of bamboos flower simultaneously after a lapse of years and then 
die. Brandis 32 states that isolated flowering clumps of Bambusa arun - 
dinacea are occasionally found, but as a rule, clumps in one flowering 
district come under flourer simultaneously while a few may be found 
earlier and some in the following year. This author ™ further says that 
Bambusa jwlymorpha in 1859 flowered and then died, in a forest of this 
bamboo found in Pegu under tall trees of Xylia dolabnformis t Terminulia 
tomentosa, Teciona grandis (teak), and others. Tn 18(51 there were 
many millions of seedlings. Only when a year of bamboo seeding takes 
place can suppressed young teak obtain a foothold or do teak seedlings 
appear. While there is no authentic record of the bamboo of the Lamao 
Forest Reserve or any of the common clump species of the Philippines 
having flowered yet, according to the authority of the natives, these 
species behave in much the same manner as do those described by 
Brandis and other Indian foresters. It may not be out of place to predict 
that in case the bamboo called "bolio” by the natives, flowers simul¬ 
taneously at more or less regular periods, then there may be a decided 
subsequent change in the aspect of the Bambusa-Parkia forests. If the 
older stalks die down at the time of ihe flowering of these bamboos, then 
the park-like nature of the dieotyledinous growth will become very 
apparent. Practically, then, there will be a new habitat to which light 
will have access. The suppressed dieotyledinous trees will spring up 
more rapidly, the ground will be freely occupied by Bambusa seedlings 
and by the sprouts of dieotyledinous trees which had seeds available 
at the time of the death of the bamboo. Then a struggle will begin 
between the seedlings of various kinds and the saplings and young 

n Curz, fc5.. Forest Flora of British Burma , 1: (1877) Introd., p. XXIX. 

aa Brandis, D., Flowering of Bambusa arundinaeea Ind . For . 13: 509. 

“Biological Notes on Indian Bamboos. Ind. For. (1899) 25: 1 to 25. 
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trees already present. Many of these latter no doubt will hold their own 
and will occupy a place in the new, matured forest which will be 
developed. Owing to the rapidity of the growth of the bamboo seedlings, 
but few of the dicotyledinous seedlings will be able to compete suc¬ 
cessfully with them. Attention also should be called to the fact that 
according to the observations of Indian foresters, from the seed it takes 
from eight to ten years for the culms of Bamhma arundinacea to reach 
full size. No doubt a number of years would elapse before the culms of 
“bolio” could reach their ultimate height of from 15 to 18 meters. If 
such be the case, this period of maturity would be sufficiently long to per¬ 
mit the young trees and saplings to gain considerable headway in a young 
forest of bamboo. Thus, ns the bamboo growth reaches maturity, the 
dicotyledinous trees present, but which previously had been suppressed, 
will also reach maturity and the new forest which is thus developed 
will in many respects resemble the original one which it replaces. Kurz 34 
is also authority for the statement that where bamboo growth in the 
original forest has taken place around clearings or what would correspond 
to eogonales, these bamboo seedlings soon spring up and choke out all 
other vegetation except that of light-loving, quick-growing sapling trees. 
If this should become the case on the Larnao Forest Reserve, then 
portions at least of the eogonales will be captured by the bamboo growth. 
Whether the bamboo seedlings will be able successfully to survive or 
even whether the seeds will germinate at all under the tolerable dense 
shade of the forest types of parang growth, remains to be demonstrated. 
It is not likely that many seedlings will be able to exist under such 
conditions. It must be understood that wlmt is said represents only a 
conjecture. Extensive observation on the spot is needed to demonstrate 
the actual behavior of the bamboo when it seeds. 

As I have already mentioned, there is evidence to show that the 
dicotyledinous trees of the original growth of the BambusoParkui 
formation are gradually encroaching on the parang, especially at its 
thinner portions and into the eogonales themselves. Many instances 
were noted where seedlings were starting in the semi-shaded area produced 
by the woody growth of the periphery of the eogonales. Where the 
parang borders on the grass areas, then the species which are thus intro¬ 
duced are rather more generally those of the parang than of the original 
growth. Nevertheless, if the parang is in the neighborhood of seeding 
trees of the latter class, or if these trees be in the parang itself, there 
will be developed some seedlings. After a number of years at least 
some of the latter will overtop the low growth of the parang, causing it to 
become more or less suppressed, and it therefore will be reduced to a sub¬ 
ordinate place in the new forest thus established. Many instances were 
noted where such alterations were taking place. Of course, the new 
forest would almost entirely be a dicotyledinous one unless, during some 


M L. c., In trod., p. xxx. 
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stage of its development, the bamboos in the neighborhood should seed 
and find an entrance into it. The areas of the parang situated at some 
distance from the original forest would in all likelihood not be stocked 
with seeds from the former and thus the forest in these places would need 
to pass through a number of generations of growth, each successive one 
approaching nearer to these distant areas, before the latter could be 
reclaimed. 

Summary .—1. The Bambusa-Parkia formation occupies the region of 
the Lamao Forest Reserve at the base of the mountain. It is divided 
into two types, i. e., the climax and the parsing. The former type 
occupies the upper portion of the formation, but has islands lower down 
and peninsulas extending nearly to the sea. I ts area is approximately 
one-third of the entire formation. The latter has tongues extending 
into the former. It occupies approximately two-thirds of the entire 
formation. In this type are included the cogonales. 

2. All species in the parang except Psidium guajava are represented 
by suppressed forms in the climax type, or they are prominent forms 
which are there reduced to the coppice condition. Xerophytic areas 
of the. climax type (like exposed ridges or ends of ridges) resemble 
parang forms. 

3. If left undisturbed, parang types will gradually return to the 
climax, with or without the bamboo. 

4. The parang type includes: 

Cogonales . 

Psidium parang. 

Dinochloa parang. 

Lagerstreemia-Zizyph us parang. 

Sireblus-A pha na n the parang. 

Mixed parang. 

5. The climax forest, is closely related to Sehimper’s ar> monsoon trop¬ 
ical forest or Kurz’s 30 mixed tropical forest. 

6. The Bambusa-Parkia formation, in contrast with the forest higher 
up the slopes of the mountain, is more xerophytic. This is due to less 
rainfall, lower relative humidity and greater heat. 

7. The xerophytic nature of this formation finds expression in decid¬ 
uous and partially deciduous trees, in semi-xcrophvtic structures, ever¬ 
green trees, and in geophilous or semi-geophilous herbs. 

IT. Anisoptera-Strombosia Formation. 

This formation lies immediately above the BambusarParkia forest. 
Anisoptera vidaliana (mayapis) is representative of the largest tree 
species in which Diptcrocarpacem predominate. Strornbosia philippin - 
ensris is the principal tree of the second storv and stands for a group 

m U c., 352. 

“L. c. Int.rod., p. XXV. 
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having a place in this forest similar to that occupied by the bamboo in 
the Bambuaa-Parkia, formation. Indeed, on the border between the two 
there is a mixture of this element with the bamboo; for both together, 
or islands of one surrounded by the other, prevail as a second-story 
vegetation. 

FORESTS OF BIVER TERRACES. 

Much has been written concerning the floristic composition of a tropical 
forest. Lists of tree species have been made which show the number of 
species, but so far as is known there exists no quantitative analysis of 
a tropical forest. 87 The following tables will give some idea of the com¬ 
plexity of the forests of the Lamao Keserve. 

Description of Table XUI. 

The plot is op a low. rocky, narrow terrace of Lanmo River at an altitude of 
100 meters. It comprises an area of approximately 8,000 square meters. A 
gives the number of trees over 4 meters in height; second line under this heading, 
the number under 4 meters in height, including seedlings; B, the percentage of each 
species, and C, the percentage of trees of each species in the adjoining hillside plot. 
(See next table.) 

Table XIII. 


Name of plant. 

A. 

If. 


]. Anisoptera vidaliaTia _ . __ _ _ _ ......._ 

2 H 

S.3 

1 

2.10 ! 

2. MatiKlfem altissinm_ _......---- -1 

j 

25 

24 

35 

7.0 

.11 i 

3. T 4 ixerHtm*iula spcclosa. - - --- j 

11 

4.1 

.22 ; 


J1 

3.3 

3.3 

i 


11 

1.22 : 

j 6 . CalophvUurn wjilllchlanum----- 1 

2 

10 

M 

2 .y 

.77 i 

| 

! 7 . phiranthuH(Miiulngii_ . .... ... 

y 

2.6 

1.00 - 

1 

S. Rischotta trifoliate.._ _ _.__ _ 

H 

H 

2.31 

y Canarium villonum_____ _ _ ... . . 

H 

! 2.31 


} 10 . Unctuixi gnenoin_______ , ....._ 

2 

H 

; 2.31 

7.74 

11. Diospyros pllosaTitherw____ 

| 4 

; '«*■ 02 

4.01 


26 



12 . I'andanus luzoncnsis . ______ 

7 

2.02 

.44 


Many. 

IS. l'arkla roxburghii ... ...... 

7 

: 2.02 

. 55 

Many. 



H, Pithccolnbium acle _ _ 

7 

i 2.02 


15. Dysoxvlum oiimingiftiium----- 

2 

6 

6 

1.73 

.11 

16. Biiceaurcu totrandra ----- - 

6 

1.78 

1.19 


10 



17. Koordersiodcndron pinnatinii__ __ 

6 

1.73 

1.11 


14 


* T The writer has not had access to all the literature on the subject. 
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Tahi.k XU!.Continued. 


Name of plant. 

18. Leea manilUmsfa—.. 

! 

I 19. Kolnwardtiodendron morrlllli_ 

! 20. Diptcrocurpus vernicifluiiH.„. 

j 21. Shorea contorta... . 

j 22. Zlayphua jsonulatua_ _ 

! 23. Cratoxylon blanooi --- 

i 

I 24. Dmcontomclmn cutningiamnn.. 

i 

| 25. Knema hcterophyllu--- 

! 26. Blemecylon cdtile--- 

27. Shomi kiiImo .....— 

28. Strombosia phlllppinensis__ 

29. Tabernamoiitana pandacaquI__ . 

80. Celtta philippitiotmlM--... 

81. Cyelowtomon bordcnli . 

82. Cynometra slmplicifolta- 

33. Dmaeim angiistifolia____ 

84. EUipanthu* luzoniensis--- 

85. Kugonta hordtniil ... 

36. FfctM hauili.... 

37. Kay«u panleulata...— 

38. Klclnhofla liOHplta..—.- 

39. Ptornsponmin iilvoiun... 

40. Kudermachem banaibaua...-- 

41. Barcoccphulus cnrdatus ...... 

42. Turplnia pom I fora--- 

48. Cryptocnrya luzonicnsis-- 

44. Linociem coriacca.---- 

45. Afflaia harmsiana--- 

46. Artocarpus communis- 

47. Chanipcrcia ciimliiKiana- 

48. Chtaoc.hi'lnn tctrap**talus- - 

49. Oyathooalyx glnboMw_\—- —.. 

50. CyclORtcmon microphylluN—.. 


i 


A. 

..’l 

B. 

<\ j 

6 

40 

1.73 


6 

43 

1.73 

3.21 

5 

12 

1.44 

2.21 

5 

1.44 

2.05 

4 

1 15 


! 

1.15 


4 

1 

1.15 

.83 

4 

3 

1.15 

1.11 

4 

1.15 

i.n | 

4 

6 

1.15 

3.13 1 

13 

1.15 

10.50 

1 

14 

1.15 

.44 

3 

1 

.86 

.88 

3 

10 

.80 

2.88 

3 

1 

.80 

.33 

» 

11 

.80 

.22 

3 

.ho ; 

.66 

3 

6 

. 80 . 

.55 

3 

4 

.80 i 

.44 

3 

.80 | 


* 1 



3 i 

.80 ' 


3 

. 80 1 


5 

3 i 

..SO 

.22 

3 

i - .ho ; 


3 

.86 

I 

2.10 

3 

5 

.80 ] 

; i.oo 

3 

.80 

.55 

2 

.57 

2.32 

2 

.57 

.11 

•> 

.57 

' 1.44 

2 

.57 

1.33 

2 

.57 

.55 

2 

.57 

{ 

.11 


1 
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Tabi.b XIII—Continued, 

Name of plant. 

51. Eugenia ftp_____ 

52. Euphoria cinerea...... 

53. Ficus caulocarpa......___ 

54. G lor hid ion album_ 

55. Grewia stylocarpa....... 

56. Lcea phUippInensis ...__ 

57. Terrainaliu nitens_.___ 

58. Sp. indet______ 

59. Aglala turczaninowil.... 

60. Aphananthc phillpplnensls ...... 

til. A rtocarpus lanceolata___ 

62. Buchanania tiorida______ 

63. Canangiuvu odoratum..... ... 

til. (-asearia fuliginoaa—... . ... 

65. Citrus hystrix____...... 

titi. Elfeocarpus nhlongus____ 

67. Eugenia acuminalimlma... 

68. Ficus psemlnpalnia ____ 

69. Ficus panelm*rvia....... 

70. Ficus sp......... 

71. Ficus sp _______ 

72. Ficus sp...... 

| 73. Garcinia binucao__ 

j 74. Guioa perrottetii..—... 

j 75. Leucosyke cap! tel lata___ 

! 76. Ncolitsea vidulii___ _ 

| 77. Macaranga tanarius....... 

! 78. Myrlstlca phlllppensla___.... _ 

i 

1 79. I'alaquium tcnuipetlolatum _ _____ 

| 80. Palaijutum whitfordli_ 

i 

‘ 81. Polyalthia barmwii - - 

| 82. Polyshw nodosu __...__ ___ 


B. 

C. 

.57 


.67 

1.88 

.67 


.67 

— 

.57 

.77 

.57 

.56 

.57 


.57 

.11 

.29 


.29 

. titi 

.29 

.33 

.29 

.22 

.29 


.29 

.44 

.29 


.29 


.29 


.29 


.29 


.29 


.29 


.29 


.29 

.55 

.29 

.. - 

.29 


.29 

.11 

.29 


.29 

. Gti 

.29 

1.22 

.29 


.29 

.(>6 

.29 

.22 

.29 

.33 


83. PtcroNpermuin dlvcrsifoliuin 


1 
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Tahi.k XIII—Continued 
Namo of plant. 

i 84. rteroapormum obliquiini...... 

8ft. Pygemn Inti folium______ _ _ 

80. Slderoxylon niacranthum.... ... 

87. Spondiaa mangifera_____ _ 

88. Talauma v Mariana .. . ... .. .. 

89. Xanthophylluni ap ..... .. . 

90. 8p. indct______ 

91. S]>. In dot....... 

92. Sp. indct__ __ 

Total__ __— 


R. 

c. 

.29 

.44 

.29 

.22 

.20 

.22 

.29 

.._ 

.29 

1.10 

.29 

i. m 

.29 


.29 

.29 1 

_ 

l 

i 

; 


Relation of vegetation to topayraphy .--As previously stated, the La- 
mao River is distinctly an eroding one. At the altitude of the above 
plot there is a fall of ? in a total distance of flOO meters ; at high water 
the stream floods some portions of the terrace and maintains one prom¬ 
inent channel through it. This leaves the terrace divided into two 
parts; one, which is made up of large boulders, is from 2 to 2J meters 
above the river and stands between it and the flooded channel; the other, 
somewhat higher, lies at the base of the adjoining hill, and though it 
contains some boulders, yet these are more or less covered with surface 
wash from the slopes of the hill. A very small amount of silt is deposited 
between the rocks in extreme floods, when nearly all of the boulder 
terrace is under water for a short time. The absence of much soil and 
the periodic presence of a swift current make it a difficult place for plants 
to gain a foothold, consequently the vegetation is more or less open. 

The wet-weather channel is more or less destitute of vegetation during 
the rainy season because of the swift currents periodically sweeping 
through it. During the dry one, many young plants of Pandanus luzon - 
enM.% Eugenia luzonenxis, and others spring up, only to be to a great 
extent washed out during the following wot period. The vegetation on 
the boulder flood-plain is very much like that encountered in some 
portions of the Banibusa-Parkia formation. Anisoptera vidaliana. 
Lagerstmmia speciosa , Dracontomelum cumingianum, Parlcia roxburghii , 
Cananium villosum, and Zizyphm zonulaias are here present. 

On the borders of the wet-weather channel and of the* stream Eugenia 
luzonemis , Bischofia trifoliuta, SarcocephaJm contains, and Kleinhofia 
hospita (PI. VI) are characteristic and, so far as the Lamao Reserve is 
concerned, are found in no other ecological situation. The terrace at 
the foot of the hill shows a condition similar to that on the adjoining 
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slopes. A reference to the table will make apparent the relative propor¬ 
tion of species to be found in the entire plot and on that of the hillside. 
Mangifera altismna is the only species on the less boulder-like terrace 
which is not also common on the hillside. 

Because of the park-like nature of the entire terrace, the underbrush 
is here more common than it is in the more closed forest about to be 
described. The shrubby species which are common and characteristic 
of the river bottom are Lunasia amara, Justicia gendarussa, Glochidion 
sp., many seedlings of Pandanus luzonensis, jungle-like thickets of 
Donax arundastrum, and a few clumps of Bambusa lumanpao . Among 
the herbaceous forms are llyjHvstis cincrea, Clerodendron intermedium , 
and Alpinia brevilabris. The following ferns arc also found here: Mi- 
crolepia speluncw , Gymnopicris contaminant , Lygodium dreinatum 
Polypodium myriocarpum, growing on rocks and on the base of trees, 
and Pieris cretica. A number of grasses are common in the open places. 

Epiphytes .—The epiphytic vegetation is probably more prominent 
than observations show. The difficulty of obtaining a good idea of the 
character of the tops of the trees is great. However, a number of 
epiphytic orchids were obtained from tall trees by the natives and some 
were found on low branches in places having sufficient light. These 
include five species only. The epiphytic fern Drynaria quercAfolia grows 
in open places on the trunks or branches of trees. 

Lianas The liana vegetation is very characteristic. Because of the 
excess of light, the vines are encountered not only in the tops of the 
trees but in places they even form dense walls on the open sides of the 
more closed areas. Symphorcma luzonicum is perhaps the most charac¬ 
teristic of this vegetation and its habit may be taken as a type of that of 
all of the larger vines. Growing as it does to the tops of the large trees, 
by its own weight it may drag lower portions of its own length to the 
ground so that it may lie recumbent. From these parts in the denser 
shade new shoots may arise. These often remain suppressed until a 
natural opening will give them an opportunity for rapid development. 
Thus the new shoots may trail to a greater or less extent until a support 
is readied, after which they become erect and in time will grow to the 
tops of the trees. Often, the prostrate portion becomes covered with 
earth, so that the shoots arising from it resemble young trees starting 
in the dense shade of the forest. During the wet season and growing 
in the dense shade, the long, etiolated, leafless shoots of the Gnetum 
latifolium (another common liana) resemble saprophytic plants so nearly 
that one is easily deceived concerning their tine nature. Indeed, such 
shoots arc in one sense saprophytic, for when they grow in a situation 
where the light is insufficient to enable them to elaborate their own 
food, they are dependent upon the foliage at the tops of the tall trees for 
their nourishment. Often three or more vines are found on a single 
tree. One instance emphasizing this fact was noted where Symphorema 
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luzomcum, Onetum laiifolium, Pothos philippinensis, Pothoidium 
lobbianum, Freyccnetia luzonensis, and the* large leaved Gonocephahis 
violaceus were growing on the same individual. Among the other 
large lianas noted were Strychnos multiflora, Tetracera sarmentosa, 
Dinochloa diffusa , Ficus bordenii, Anamirta cocculus, Combretum 
squamosum, Cnestis ramiflora, five species of Calamus, Stixis philips 
pinensis, Rivea luzonensis , species of Cissus, Mucutia imbricata, Dioscorea 
pcntaphylla, and others. Some idea will be given of the character of the 
vegetation by the three photographs taken in or near the plot in con¬ 
sideration. (Pis. VI, VII, VIII.) 

The character of the vegetation on terraces similar to that already 
described, but the boulders lying in which are to a greater extent covered 
by the wash of the adjoining slopes and which usually are slightly higher 
in situation, is shown by Plates IX, X, XI, and XII. 

FORESTS OF SLOPES. 

Description of Table XIV . 

The plot classified in the following table is on the hillside, extending up the 
slopes at right angles to the one on the river valley terrace (See Table Xlll). 
It is approximately 60 meters in width and 170 meters in length. The area thus 
contains 10,200 square meters. The gradient averages about 27 degrees, but in 
places it is as much as 40 degrees, and for a short distance halfway up the hill 
it is nearly level. The plot is divided into 5 subplots roughly corresponding to 
15-meter contour lines. Beginning at A, the plot runs uphill to E. The column 
F gives the total number of trees over 4 meters in height in all the plots, and (3 
the total number under 4 meters. H gives the percentage of each species, and I 
the percentage of species in the river terrace plot (see Table Xlll). 

Table XIV. 


Nairn?. A. K O. i I>. K. j F. <1. ! II. j I. 


1. Htrnintxtfiin philippinciisls 

10 

13 

24 

27 

20 

91 


10. fto 

1.1ft 

9 

13 

la 

13 

33 


113 



2. Onctmn gnomon.-.... 

3 

3 

12 

1ft 

37 

70 


7.74 

2.31 

— 

■1 

3 

•# 

9 


18 



3. DiuNpyniN piJoHunthem. 

3 

3 

5 

11 

11 

12 

42 


1.04 

2.02 

8 

20 ; 

2ft 

24 


.80 



4. Aporueu syinplooosifolia. 


1 

6 ! 

2 

:#» 

38 

... . 

4.20 


1 

4 ; 

ft ! 

3 

lft 


28 



ft. Khoren gulw*.. 

2 

0 i 

13 ! 

0 

4 

31 


3.43 

1.1ft 

1 

1 j 

80 

« i 

20 

— 

70 



S. Rein ward thxlenfiron merrillli. 

8 

U I 

ft 

2 _ 


29 


3.21 

1.73 


27 

*i 

22 

9 , 

2 


T*8 



7. CyeloMemon bonlonIL.. 

« 

j « 

8 i 

3 ; 


20 

j__ 

2.88 

.80 

8 

Mi 

10 

19 ; 

9 ! 


: 73 



8. Shores con torts,___ 

2 ! 

i i 

11 

ft i 

ft ! 

24 


| 2. Oft 

1.41 


3 j 

;.-1 

I 

a : 

2 


; 12 

1 


9. A glam hannKiaim_ 

8 

0 

i 

2 * 

4 

6 

21 


! •>, 32 

. ft7 


2 j 

ft i 

0 ! 

8 

14 


3ft 



10. Diptcrocarpus veruielfluus_ 

•1 

: » 

n! 

i : 

1 | 

20 

:_...| 

2.21 

1. It 

10 

1 

*20 , 

is 




i ft- 



11. Anlsoptcra vidaliana_ 

2 j 

4 i 

8 i 

i i 

19 


2.10 j 

8.30 



i ! 

■4 j 

3 ! 

•i i 


I 10 

i 


12. Turpin! a pom if era _ 

1 

1 i ! 

1 

*l ' 


19 

1 

2.10 | 

.80 



i i 

1 

2 

»! 

1 

| 7 
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Tabi.k XIV—Continued. 


Naim*. 

A. 

B. 

1 

c. j 

l>. 

E. 

F. 

; u - ; 

11. 

i. 

ix, Karra urea tetmndru — 


4 

7 i 

4 

3 

18 

• ■ 

1.19 

1.73 


3 

2 

14 j 

1ft 

0 


; 40 1 

14. TaIhuiiih vi Mariana___ 


5 

7 ! 

3 

3 

18 


1.19 

.29 



•> 

•> ■ 

ft 


1 9 i 

1ft. Euphoria einerea _ 

2 

3 

" ! 

6 

a 

3 

17 


1.88 

.57 

10 

8 

ft i 

u 



43 • 



16. Xanthophylluin t»p_... 

ft 

3 

4 ; 

i 

* 

1ft 

i 

1.66 

•» 


. 

1 

8 

7 

4 


20 



17. An tides inn crtule_ 

i 


to L 


2 

18 


1.44 _ 


2 

1 

3 

a 

1 

10 



IK. Ohamperria euminglana_ 

i 


2— 

I 

6 

13 


1.44 

.57 


— 

.... 

8 ; 


a 

..- 

6 



19. Chlaocheton totrapetalua.. 


4 

1 

3 

1 

12 

_ 

1.33 

.57 

1 

12 

1 

ft 

5 


24 



20. Atalantia distirhu_„ _ 

i 




10 

11 


1.22 ! _..l 


i 

1 

1 , 

2 

3ft 

40 



21. ralaquium luzonlense_ 

1 

•» 

1 ; 

4 

3 

11 

_ . 

1.22 

3.30 




i : 

ft 

4 


11 



W. SAntirln uitidn 



3 

1 

7 

11 

1.22 





2 ; 

3 

3 

8 , 


23. I’alaquiutn tenui|H*tinlutum 


1 

6 

« 

1 

11 

,. ...... 

1.22 

.29 


2 

2 

l 

2 

..... 

/ . 



24. Diinorphwalvx lnliKipes . 

_ 


t 

« 

0 

11 


1.22 






10 

10 


25. Memeeylon edule_ 


2 

3 

1 

4 

10 

U1 

1.1ft 


. ... . 

1 

7 : 

3 

27 

— 

41 



26. Knemn hcterophylhi_ 

1 

a 

2 

1 

3 

2 

4 

a 

10 

11 

1.11 


27. KoorrierHioriendnin plnimtnui 


1 

4 

l 

4 

10 


1.11 

1.73 


1 

4 

1 

1 


7 

■ 


2K. PhaeanthiiH euminKii......... 

ft 



1 

a 

9 


J 

2.60 


10 

1 

3 

3 

2 

. 

19 



29. Crvptoearva luzoniensis j 

i a 


3 

1 : 

2 



1 

.86 

i 1 

i 1 

1 



6 


10 

30. Celtis philippInciiHis .. 

; i 


1 

•> i 

4 

8 

_ 

.88 

.86 

I 

2 

; f. 

9 

2 ! 

ft 

.-- 

24 



: 31. Mltrcphom fcrriiRlnua_ __! 

! i 

: ft i 

3 

i 

2 ; 

j" 1 

8 

4 

.88 


32. Cftlnphyllum wallirhinnum 

1 

2 

1 

3 

i : 

7 

_ 

.77 

2.90 

i l ,r ’ 

! 25 

; 27 

26 

12 


loft 



i 33. Urcwia atylocarpa_ _ 

; 2 

1 

3 

1 1 


7 

_ 

.77 

. ft7 

1 i 

i 2 

; 7 

4 

n ; 

! 5 


29 



i 

34. Xylopta clahlfKama- 

1 


2 

3 

6 


.66 




r. 

i 

16 


22 


■ 35. 1'olyalthin harnesli— 



2 

3 

1 

6 

_ 

.66 

. 29 

2 

4 

5 

ft , 

1 

... 

17 



36. ElllpantliUM lu/.onleiislM 

_ ... 

2 

2 

2 : 


6 

ii 

.66 

.86 

4 

: 1 

3 

l : 

2 




37, Maearanga tnappa - 


4 | 


1 

1 

6 


.66 

. 

: | 


1 i 


2 

8 


1 204 AnliAimntht* 

1 

; 1 

, ; 


6 


. 66 

! .29 

1 1 









1 • 

; 39. Myrlstiea philippensi*_ 

2 



2 ! 

2 

6 


.66 

.29 

40 (lardnia binucao__ 



i 1 ' 

a ! 

1 

ft 


. ftft 

.29 


; 5 

' • 

| 2ft 

2ft ! 

7 


68 . 


i 

41. RhkoiiIa lionlfinii 

! 2 


[ 2 _ 

_ .1 

i 1 ' 

ft 

! 

. ftft 

| .86 


2 

1 » i 

j 12 : 

2 \ 

[ 4 


28 ; 


42. Leea phllipplnonsla - 

1 

1 

! i 

1 

1 1 

i! 
4 ; 

2 

2 

ft 

) 

8 I 

.ftft 1 

.57 

■ 43 Ltnociera corlavca_____ ! 

1 ! 

1 

1 , 

1 

3 

I 5 

I 

!_ .1 

i 

.ftft ; 

.86 


1 

2 

! J : 

1 


! « { 


| 44. (lyathocalyx fflntawiia. .... 


1 

3 

1 ' 


ft 

i 

.ftft 

. 57 


2 i 

ft 

.. -.1 



; 7 I 




1 

i i! 

j | 

3 

ft 

; i 

ftft ■ 


'111. X III} ItJ 1-lftlH IJI\ v U ■ - - --- 

! . >1 

i ! 



1 

......J 

1 2 j 



i 1 

1 1 

.i" 

.i 

: 


i ! 

i 
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Table XIV—Continued. 


46. Parkin, roxburghii.. 3 S 

47. Alntonia Mcholaria.... 

48. Hopea acuminata .. 

49. TalicrnajmoiitaiiH pandaoaqui... I 2 

9 10 I 9 

no. Jxora curaingil____ 

1 

51. Antidesma leptocladmn__ ... 

52. Ptcroapermun obliquum_ 

58. Aglaia bordenii... 

1 

54. Clauacna anifmm*olena _. 

55. CaKearia fuliginooa.j 1 

56. Hterculiu oblongata —.. 1 

57. Bp. Indet...... 1 2 j. 

58. Plectronln umbel lata_;_|... 

59. Ficus hauili.. ..' 

60. Pandanus luzonensia..■_! _. 

61. Cynometra almpliclfolia- : 2 

i 1 ; 

ft2. Bemeearpus perrottetii..i. 

68. PtcroHpemium diverKifo)iuni--..j. ... 

64. Bp. indet. j 1 |__ 

!»-- 

65. DioftpyruH nitida_j.j.. 

66. Illlpe rami flora__|. 

1 -. 

67. Linociern cumingiana_:_... 

68. Artocarpua lanceolatus_ 1 ; 

69. Dmcontomolumcumingianum. 8 

70. Bhoreu poly sperm a___ 

71. Litoea luzonica__ 

2 

72. Mitrephora lanotan.._ __ 

73. Practrna angustifolla__ 

1 ; 

74. Cinnamomum mercadol-. _ L. 

75. Euphorbiaceas §p.. j 1 

76. Bucbananla florlda....j_ 

77. Cryptemnla cutningli.. L. 

1 _ 

- ( —. 

78. Uonocaryum tarlaconse. 1 L. 


A. ! B. C. 


*2 ! 4 ' 

5; 26]..; 59 

- ! 3 j 4 ! .! 

1 ! 20 - ■ 40 ! 


1 ; 1 i 

3 2 I 


2 . 

3 


—! 1 I 1 !- 

1: 1 j_L 


2 5 

5 i': 


l i 2 j 2 


- 1 3 ! 

4 j....: 7 ! 

.lljlj-Ti 


2 j 8 1.... 
2 ! .. i : 


3 : 1 

3 5 . 

.i ! 



1 1 21 

6 ; 3 !_ 


2 ;.: 

....J 16 ! 


55 

2.02 1 

55 


55 


44 

115 

44 

| 

14 

i 

44 

.29 

II 


It 

i 

14 

. 29 

44 


II 

1 

41 


44 


II 

2 .irj | 

3:4 

.86 

83 

33 

| . 29 

33 


88 

1 i 

33 


i 

33 | 

; 

33 i 

1 .29 

33 

1.15 

i 

33 i 

j 

I 

22 j 

j 

i". 

22 

1 

i 

22 i 

i 

! .86 

•22 


•22 


22 


22 


22 

__i 

! 
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Taui.b XIV —Continued. 


Name. 

A. 

B. 

c. 

l>. 

1 

R. ; 

F. 


H. 

I. 

7V Tjig , nrNtm*mtfc Hpcdofia. _... 

1 



1 


2 


■ 

.22 

■ 

4.10 







HO. pKlaquium oldUprum_ 



1 


1 | 

2 


.22 










81. Polynia* nod out_ _ 

1 


1 



2 


.22 

.29 






tinniorium _ . 

. 

1 

2 


2 


.22 



1 




1 


MH Pygmim IaH folium _ . 


1 


2 

2 


.22 

.29 



i 




84 H^ftarmacheru baiialbtinA 


--- 

2 


2 


.22 

.86 










1 

j 


2 

_ 

.22 



— 






80 Cyclowtenmn iniorophyllum 



1 


1 


.11 

■ .57 j 


1 


4i 

12 

9 


32 

87. Garcinia venulooa_ . 


1 


1 

.11 

! 


i 

2 

8 

1 



7 


88. Neolitoea vidalli ____ 


1 



1 


.11 

.29 




1 

5 


0 

89. Sideroxylon macranthutn_ 

. 


1 



1 

.11 

.29 





5 



5 

90. Dynoxylum emningianum ... . 

, 



1 


.11 

1.73 ! 


........ 

1 

0 

— 


5 

91. ftiduroxylou duclitan_ _ 

1 





1 


.11 



_ 

1 

2 

2 


ft 


92. ITnona cl u#»i flora_ , .... . 






1 


.11 



_ 

1 


1 

. 

3 


ft 


93. Endiandra coriaccA. ... 


...... 

1 

.n 



1 



_ 

1 


2 


1 9.1 yii^murtia inormia . . 


_ 



1 

1 


.11 



_!_ 


2 

1 


2 


95. rarinariuni griffith ianum _ 



1 


! •“ 



_j_ i 

1 

1 

1 

,7 i 

9A pliM'lmnlA ftp . _ 

i 

1 

1 


1 •»! 



i::::-::.:::: 1 :::::: 

L- 

2 


2 


i 97 Vabtidia rhomlxtidea 

! 

r 

1 ' 

j 

1 

i 


.: .. 


i::;::: 

1 ; 


T 

! : 

1 

! 98. ixora sp _ _ _ 

_i_ 


! 1 

1 . 


1 

i •” 

! 



1 



i 

; i 

i 99 , Sp. indot_... ......___ 

• 



1 : 

1 


• n 

| 1 

i 


_ . 


i. 

1 ■ 

1 

I 

: 100 Hp, ind«»* 


1 


! 


1 

; .n 

! .57 | 




1 

i 



! 1 

I 

1 

101 ArVM'ArpO# oommuniH.. . 


1 


j ; 

1 

■ u 

.57 • 




i 



; 102. l)lpUToeurpU8K* , an<liflor«a_. . 



. _ 


| j 

1 


i .11 

i 








10(1 FlCM* timptOiut 



1 



1 


j .11 








i. 


P>4 Ffou* ap _ 



T 



: 1 


1 

.11 




_ 



'I 

1 _ _ 

i. 


105 Fiona n**ta 

1 

! 

\ - 

! 

1 

!. 

.11 



1 





j 106 Ficus vatic Kata . . ... 



1 



i 1 


.11 






j- - s 



107. Uamiphyllum obliquum ___ 




j 1 

! 

1 

i 

.11 









i. 


108 Gardenia haTn^li 


- 1 — —<.- 

_i _ _ __ 

j 1 

1 

i_ 

.11 




! ! 

! 




109 MaIIoIhh rlninoldiw 


1 

. 



1 


.11 










i 110 UHUKifom Altinduifl . 

1 

1 

i 

1 


.11 

7.00 



; | 

1 



i in, PI an chon la spcctabilis.... 



I 1 


! 

1 

j 

.11 







i. 


i_ 


1 


i i . 

1. 


i.i. 
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Tabu? XIV —Continued. 


Name. 

A. i HJ 

i ' : 

c. 

D. 1 E. 

F. ! 

«• ! H j »• j 

112 , Rtcrculiu enuwi rumen_ 



i 

1 1 

1 i 

.ii 






118. Vitex ap__.. . 


i.L. 

1 i 

11 1 i 




114. Ruud in filxAlani_ 

i , ■ 

i 

1 


! 5 j 

.ii ! 


: i- 

i.1- 


118. 8p. indet__ ...- 

| H~. 1 

. 

L. ■'/” 

i_ 1 

rr 

.ii-! 

116. Sp. i Uriel- 

rrq 


I::;;-'::;:: 

! l 1 

_ .11 i_i 

„_'_ „ ! 

117. Sp. iUriel_ _ 

; i j 


1 ; 

i ; 

*1 






118. Sp. inriet -.—.. 

i " | | 


i l : 

i !. 

.11 ! 







119. Sp. indet__ 

'■ 


!_' i 

i l : . 

.11 i l 






120 . Sp. indet —... 


j. 

1 _ 1 

1 |. 
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Storied vegetation. —An analysis of this plot, as a whole, more or less 
strikingly shows two stories of vegetation. In the upper one, the trees 
reach to the height of 25 to 3(5 meters. (See PI. Xll.) The species 
composing it are, in the main, Dipterocarpar civ. Among these are Shorea 
guiso (guijo), Shorea eontorta, (lauan) Dip l erocar pus vernicifhi us 
(panao), Anisnpicra vidaliana (inayapis), Shorea polys perma (tanguili), 
and Hopea acuminata (dalindingin). Still others in the upper storv 
are Euphoria drier ea . Sanlira nitida, Palaguium luzoniense, P. tenui - 
petiolatum, and Koordersiodendron pinnaUim. In all, about 31 species, 
out of a total of .131 found in the plot, have representatives in the upper 
story. 

A careful analysis of the plot will, in places at least, show that the 
trees of the top story are far apart. (PI. Xll.) While the crowns for 
a short distance are often dose enough together to make an even skyline 
yet there are often depressions in this profile which arc due to the absence 
of the upper-story trees. However, this irregularity is not so striking 
as it is in the Jhimbwa-Pa rkia formation. The low'er-story vegetation 
consists of the younger trees of the upper one, together with species which 
seldom reach 20 meters and usually are from 10 to 15 meters in height. 
(Pis. XIV, XV.) Of these the most common are Strombosia philip- 
pinensis, Gnetum gnomon . Diospyros pilosanlhera , Aporosa symplocosi- 
folia. Reinward Hadendron mcrrillii , and others. 

Relation to topography .—The table shows differences in vegetation 
corresponding to types of topography. In Plots A and E the gradient 
is near 40 degrees, and corresponding to this, there are fewer tall trees 
and many more saplings and seedlings. E is on the brow of the hill, 
and much more exposed to winds, the soil is shallower and stony, and no 
doubt the chresard is much lower. Less mcsophytic species such as 
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Atalantia dwticha, Memecylon edule, Ditnorphocalyx longipes f Xylopia 
dehiscons, Tabemcemontana pandacaqui, and Ixara cumingii are found 
at the extreme upper limits of the plot and with others in the adjacent 
territory very much resemble the low parang vegetation. Indeed, the 
entire brow of the hill is covered with the tangled growth of the climbing 
bamboo, Dinochloa diffusa. Of the mesophytic species Strombosia phil- 
ippinensis and Gnctum gnemon are representative. While they are 
prominent in the subplot E, yet they occupy the lower half of it. (See 
PI. XV.) As a rule the Dipterocarpaccce are found to be best developed 
in Plots C. and D. Here the slope is more gentle. 

A comparison of the entire hillside with the river terrace shows dif¬ 
ferences other than those which have been mentioned. Anisopterff 
vidaliana # occupying first place in the river terrace, stands eleventh on 
the hillside. Pataquium Imonicme is very common below, but it is 
represented only by a few scattered specimens above. A reference to 
columns II andl of Table XIV and B and 0 of Table XIII will strik¬ 
ingly show these differences. To give a better idea of the complexity 
of the floristic composition of the forest and of the differences duo to 
physiographic situations, six other plots were made in thi9 Anisopterar 
Strombosia formation. 

Description of Table XV. 

This table classifies plots in various physiographic situations of the Anisoptera- 
strombosia formation. A, forest on a slope of 10 to 12° gradient at an altitude 
of 100 meters. The plot comprises an area of 1500 square meters. B, forest on a 
terraced island at an altitude of 80 meters. This terrace is under water for a 
very short time at extremely high floods. The plot comprises an area of 000 
square meters. C, plot in the river terrace a little higher than B. It is near 
the mouth of a wet-weather stream and is flooded at the highest water. It is 
near Plot A and comprises about 800 square meters. D, plot on a terrace about 
2 meters higher than B. The plot comprises an area of 1,400 meters. K, plot 
on a level bench at 250 meters altitude. It comprises an area of about 800 
square meters. F, plot on a gentle slope at the top of a ridge at 100 meters 
altitude. It comprises nil area of 750 square meters. 


Table XV. 


Name. 


1. Aphananthe phillpplneimis.... 

2. Anlsoptera vidaliaiui- 

3. LagerNtnemia specloHu_ 

4. Oanarium villosuin.. 

5. Memecylon edule 

0. Dipterocarpus verniclfluus. 

7. ArtocarpuB communis..... 

k. Koordemiodendron plnnatum 

9. Shores poly sperms. 

10 . Shorea contort*. 

11. Grewla ntylocarpa... 


A. 


9 



3 


B. 



c. 

1 >. 
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Tahi.k XV— Continued. 


Name. 


12. Buchaoanla florida.... 

18. Champercia cumingiana.. 

14. Baccaurea tetmndra. 

1A. Calophyllum walllclilanum. 

16. Knema heterophylla-- 

17. Scmecarpua pcrrottetll.. 

18. Stromboela philippitienais. 

19. Diospyros ptloaanthera- 

20. Gnetum gnenom. 

21. Btrebliwaaper—.. 

22. Adinandra pavonfna.. 

23. ChiROcheton phlllpplnum_ 

24. Mallotus philippineiwis —.. 

25. Parlda roxburghii ... 

26. Santirla nitlda_...- 

27. Shorea gulao__ 

28. Ficus hauili___ 

29. Pithecoloblum ac*lo_ 

80. Pterocymbium tinctorlum_ 

31. Tal&uma villariuua ___ 

32. Aporona syniplocoNifolla--- 

33. Cryptocarya luzonlonais- 

84. Palaquium tonuipetiolatum_ 

86 . Terminal la edulls .. 

36. Aglaia turczanlnowli--- 

i 37. Canarium ahornlnnum__ 

38. Pracontomclum cuinlngiaiiuin.... 

39. Endiandra coriacea.—. 

I 40. Krythrlna i ml im.. 

j 41. Eugenia luzonensis_ 

; 42. Euphoria cinerca ---- 

j 43. tiarcinift venulona .... 

• 44. Grewia tiliiefolla- 

| 46. Hopea acuminata. 

I 46. Myrlstloa philippenslH.. 

! 47. Palaquium oleiforum.. 

i 48. Parinariura griffithianum. 

49. Syraplocos poly and rii- 

60. Turpinia pomlfera —.. 

61. Xanthophyllum sp.. 

62. Aglaia denticulate.. 

53 . Artocarputs lanccolata .. 

64. Cananglum odoratum.. 

65. Camilla lntcgerrima. 

86 . Casearia fuliginoea—. 

57. Cinnamomun mercadol.... 

68 . Cycles teinon bordenii.— 

69. Macaranga bicolor—-- 

60. Man gif era altlssima- 

61. Mitrephora lanotan. 

62. Linociera cumingiana.. 

63. Pittosporum pentandrum. 

64. Fianchonia spec tab! lift. 

66 . Uuona cl uai flora. 

66 . Pterosperroun obliquum. 
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Taui.k XV—Continued. 


Name. 

! 67. Wrightlft laiiiti--- 

' 68. Zizyphufl trinerviM--- 

1*9. Zfiyphum M»nulatiu- 

| 70. Aglaia harniataiia-1. 

; 71. AUwnnthus luzonlcuH- ._ 

1 72. Antidcsma leptodudum- 

i 78. Dysoxylutn cuinlngianum. 

i 74. Arytom littorali*___ 

: 75. Celt to phllippinensto. 

| 70. CycloHtemon monosponnus_ 

■ 77. Cyatliocalyx glotxmuK... 

■ 78. Cyelostemon niJcmphyllum_ 

; 79. Garcinia binucao___ _ 

| no. Etlfpanthus lujEonietiMta- 

! 81. EtidoHperiium pel tat um- 

! 82. Eugenia bordetill .. 

i 83. Ficus liota. - 

I 84. Klacourtla incrinis_ 

1 85. Glochldkm fip.. 

' 86. Gonocaryum tarlacenfic- 

| 87. Harpullia arborea- 

j 88. Uiportea luzuncnsis- 

| 89. Litsca pcrrottetil_ 

! 90. HomalanthuH populncus. 

91. Macuranga nmppa ... 

; 92. Memecylon preslianuui. ... 

; 93. Paiaquiiim luzoniensc-.. _ 

' 94. Prcmna natiMenaa...__ 

95. i'rcmna cumliigiana . - 

9fl. Quercussp.. . 

97. Keinwardtiodemlroii inerrlllii 

j 98. Stcrculin oblongata- 

i 99. Tarrietia sylvatica.. 

Total- - 



In the above plots. A, B, C, and T) are on the border of the Anisoptcra- 
Strombomi and the Bainhum-Par kia formation; consequently the vegeta¬ 
tion partakes of the nature of both. The ones on the low river terraces 
show a strikingly different tloristic and ecological composition from those 
on the slopes and more closely resemble the river terrace plot at an 
altitude of 100 meters. (See Table XTIT.) Such species as Aphananthe 
phiUppincrm.s, Latjcrslrtemia spcciosa , Cammum villosum, and Mcmecy- 
lon edulc are very suggestive of Bambusa-Parkia formation, and indeed 
these areas might be classed with the latter were it not for the absence 
of the bamboo. It is not at all unlikely that the physical factors more 
nearly resemble the Bambusa-Parkia than the Anisoptora-Strombosia 
formation. Only a careful measurement would determine this. 

On the other hand, Plots E and F are nearer the Diptcrocarpus-Sliorea 
formation iuid consequently have some resemblance to it, both floristically 
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and ecologically, as is shown by the occurrence of such species as tiliorea 
polysperma, Shorea conturta, Calophyllum wallichianum, and Uopea 
acuminata (compare Plots E and F, Table XV, with Table XVI). 
Anisopiera vidaliana is fairly well distributed throughout all the plots, 
and for this reason the formation shares its name with Strombosia . 

Lianas .—The liana vegetation of the plot on the river terrace at 100 
meters altitude has already been discussed. Apparently its development 
here is much greater than it is in the closed forests, but in reality the 
difference is not very pronounced, though there is no doubt that the 
lianas occupy proportionately more space in the open than in the closed 
forests. (PL XIV.) Though the shade of the forest practically prohibits 
most lianas from obtaining a start from seed, yet they, as has been 
previously shown (p. 408), are not entirely dependent on seeds for the 
invasion of new territory. Especially is this true of the climbing bamboo 
and of at least one species of Calamus, though dicotylcdinous lianas may 
also have this power. Even though the lianas did not possess this 
property, natural and artificial “blanks” occur in the forests and these 
would give opportunity for lianas together with other species to obtain 
a foothold from seeding. 

Rattans. —Contrasted with the undergrowth of temperate regions, the 
species of the genus Calamus are most, foreign. In their younger stages 
these climbing palms consist of a ground rosette. 1 of large leaves having 
their leaflets pinnate or arranged in groups, and, cither above or below 
or on both the upper and under side, containing scattered, thin, flexible 
spines on the principal veins. In many cast's the rachis of the leaf 
is prolonged into a long, whip-like runner (flagellum) having stout 
recurved hooks, the latter often arranged in groups; the leaf sheath is 
also strongly armed and may itself he provided with a. long flagellum 
which in turn is armed. In time, from the center of the basal rosette, 
there arises a long seandent stern, the rattan of commerce, which may 
reach to the tops of the tallest trees or it may scramble over the ground, 
sometimes reaching a total length of 120 meters or more. After these 
stems are well developed, the basal rosette disappears. Among the species 
common at La mao are Calamus mollis ma jor (IJay) , (7. ornatus philip - 
pinensis (Limoran), and the undetermined species having the native 
names of Dilan. Palauan , Culacling . Babuyan , and Burton . (PI. XV.) 
Of these. Burton has a distinct, though short, trunk so that the basal 
rosette stands at least 20 centimeters above the ground. Limoran lias 
the habit of producing runners and of thus starting new' centers at some 
distance from the mother plant. These, in turn, may throw out runners 
which enable the plant to spread without going through the dangerous 
seedling stages. Without exception, all the species are able to enduin' 
the most intense shade, although they, like other lianas, present a much 
better display of foliage, at least nearer the ground, when they grow in 
half open peaces. (See PI. XVI.) They also share with the climbing 
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bamboo and other forms, the habit of creeping into “blanks’* in the forest 
und they thus retard what would otherwise be the rapid entrance of tree 
species into such places. Usually, the rattan growth is scattered through 
the forest (see PI. XV), but often individuals are so densely set (PL 
XVI) that it is difficult to pass through such a location because of the 
armed flagella which, curving downward, catch the clothing. By occupy¬ 
ing space and by increasing the already dense shade, they often prevent 
the germination and development of valuable tree species. With the 
exception of Uay, all the species of Calamus here arc mesophytic. 

Other lianas .—Other families represented by lianas are the Pandana- 
cew and the Aracew. Characteristic of the former is the genus Freyci - 
netia with the species, F. luzonemis and F. emifolia. F. luzonensis 
climbs to the tops of largest trees, the ends of its shoots bend stiffly 
outward and upward and develop closely crowded leaves which give a 
characteristic “pandan” tone to the vegetation. Often species of Avar 
cere of the genus Pothoidium and Rhaphidophora begin their growth 
semi-epiphytieally near the bases of large trees and afterwards climb 
by means of roots; at the same time, positively geotropic roots reach 
to the soil and insure a more constant supply of water to the older plant. 

Dicotyledinous forms present on the river plain are also encountered 
in the forest. Besides the ones already mentioned, Ariabotrys cumingi- 
anus, Agelcea wallichii, Strongylodon macrobotrys, Eniada scandcns, 
Modecca sp ., Uvaria sp ., and others (see PI. XIV) may also be present. 

Transition from epiphytes to lianas. —The transition from the epiphyte 
to the liana is best expressed by the genus Ficus of the section Ur os- 
tig mu. (See PI. XVII.) The sj>ecies of this group begin as epiphytes 
on the rough surface of the bark or on other parts of the tree where the 
seeds can find lodgment ; here they germinate, the roots eventually reach¬ 
ing and penetrating the ground. In time there is developed a lattice- 
like growth which envelopes the host, and then, as the parts increase in 
diameter, the plant assumes a tree-like habit which enables it to exist 
independently of its host, which eventually dies. The natives term 
the species of Ficus which have developed this habit “balcto,” which, to 
some extent, species of Schefflera of the Araliaceo* simulate. Plate XVIII 
shows a seedling of S. venulosa which has developed on soil which 
collected in a knot hole of Pithecolobium acle. Plates XVII, XVIII, 
XIX, and XX depict species of Ficus in several stages of maturity. 
Often from branches of the plant there are developed one or more large 
roots which eventually reach the ground. From the base to the top of 
the mountain species of “baletc” are found scattered throughout the 
forest. 

Epiphytes. —The epiphytic vegetation in contrast with that of the 
higher altitudes is but poorly developed. Mention has been-made already 
of the orchids of the river terrace. The rough limbs of Terminalia 
edulis, which grow in more or less protected places, seem to be a favored 
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position for many individuals of Cymbidium aloifolium , Aerides quinque - 
vtilnera, and Bhynchostylis violacca; on the higher and more xerophytic 
parts of the tree there were many specimens of the fern Drynaria querci - 
folia. The branches of Lagerslrwmia speciosa, Ficus caulocarpa, and other 
trees afford a good surface for the germination of orchid seeds; the semi- 
parasitic Hoy a multiflora is also not infrequently encountered. Several 
species of orchids, and the ferns Drynaria, VMaria lineata, were noted 
on the branches of the tall Diptcromrpacea\ Species of Loranthacar, 
although present, are loss common than they are in the parang. 

Herbaceous vegetation .—One of the surprises of the forest is the 
scarcity of herbaceous plants growing in the dense shade during both 
the dry and wet seasons. Even in the open places there are found 
only a few geophiloits AraceWj some grasses, small species of Acanlhaccas 
as Qymnostachyum affine > Hypoestis subcapitatus , Lepidagathus hyaUna, 
and others. Scattered throughout the forest is the sedge Ilypolytrum 
compactum . This species, with a few ferns and llegonia rhombicarpa 
on the more damp slopes, are the only truly herbaceous plants which were 
noted in the dense forest. 

Plank buttresses. —Schimpcr : ‘ 7 lias called attention to the prevalence 
in tropical countries of trees with plank buttresses or board roots. He 
claims that these are a peculiarity in a tropical climate where the rainfall 
is abundant and that they are found in the evergreen-rain, and in most 
of the deciduous, monsoon forests. 

Prevalence of buttresses. —In the .I nisoptera-Stromhosia formation 
out of 39 fairly mature trees 15, or 38 per cent, had no buttresses, 13, 
or 33 per cent, had buttresses over 0.5 meter, and 11, or 29 per cent, less 
than 0.5 meter in height. The buttresses assume various shapes. Some 
extend lip the trees to a height of 3 meters or more and are less than a 
meter in width; others art* as broad as they are long; still others, usually 
low ones, branch. Of those observed, species of Anacardacea* ( Drancon - 
tomelum cumingianum and D. mangiferum) exhibit the best-developed 
ones, the buttresses of one specimen of D. cumingianum being 31 meters 
in height by 3 in width. As a rule, young trees show but little or none 
of this development. Old trees of Dipterocarpus vernicifluus may or 
may not have them. One of these showed a buttress which was narrow but 
at least 7 meters in height; another equally large tree had*none. Eugenia 
glaucicalyx has three equally strong buttresses which are developed in 
such a way as to divide the circumference of the trunk into three nearly 
equal parts. (Sec Pis. X, XI, XII, XXI, XXII, XXIII.) 

Cause of buttresses. —The buttresses seem to be correlated with broadly 
developed crowns (PI. XII). Dra con tomelum cumingianum. for in¬ 
stance, a tree usually growing in open places, has long, scraggy branches 
with coarse twigs on the ends of which arc rosettes of large, compound 
leaves. In the forest where the crowns are dominant, and where they 


" Loe. cit., 304, 305. 
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have an opportunity to develop horizontally as well as vertically, the 
buttresses are correspondingly large. This horizontal growth is especially 
marked in the Bambusia-Parkia formation, where the dicotyledinous 
trees overtop the bamboo. Here Parkia itself shows strong buttresses. 
In the formation higher up the mountain the buttress habit is present, 
but not so prevalent; it disappears altogether on the exposed ridges of 
the mountain. 

It will be seen that the same causes which operate to produce short, 
thick boles in open places in temperate regions are possibly also present 
here, with the difference that the buttresses, which take the place and 
perform the function of the uniformly thick trunks, appear later in the 
life of the tree. This means that the tree in youth, while it is 
crowded in the forest, develops a regular hole, but that when it reaches 
above the surrounding vegetation, in response to the increasing heaviness 
of the top, the buttresses appear at the base, enabling the tree to withstand 
the extra strain. It is possible that this of itself is the stimulus causing 
the development. It is known that the presence of heavy limbs often 
produces extra growth in the trunk al a point just beneath the insertion 
of the branches, and the fluted appearance so commonly observed in such 
cases is the result. The cause for this growth is ascribed to the stimulus 
due to the extra strain, although why such a stimulus should produce this 
result is not known. A transference of the strain to the base of the trunk 
would likewise cause prolific growth at the point or points where its in¬ 
fluence is felt the strongest; this point would he at the attachment of the 
roots, and espec ially of the larger ones, and thus would cause the develop¬ 
ment of board roots or plank buttresses. So long as the tree top is pro¬ 
tected on all sides by others, the strain will not be very great for two 
reasons, i. e., the top will not have a chance to broaden out and it will not 
be? exposed to strong winds, but so soon as it emerges above the tops of 
other trees, the exposure and the increasing heaviness above will produce 
a strain sufficiently great, to cause a stimulus of growth at the base and 
thus produce the buttresses. However, whatever may he the cause, there 
is no doubt that the abundance and size of buttresses in many instances is 
associated with the dominance of certain trees over others, and thus the 
irregular profile of the forest results. This is strongly emphasized by 
the fact that in. places where the trees reach a more uniform diameter 
and height and where they are set sufficiently close to produce a class 
with an intermediate crown, or, to express it in another way, to form 
a regular profile*, the buttress habit is not so pronounced. Such is the 
case in places in the AnisopierarStroinbosi.fi formation and it is more 
prevalent in the Dipterocarpus-Nhorea one which is to be discussed below. 

Trunks .—The shape of the bole of the tree is of the greatest impor¬ 
tance to the forester. Other things being equal, the more nearly the 
bole reaches a true cylinder throughout its entire length, the more 
lumber will it produce. In other words, the more nearly the form factor 
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reaches one the higher the value of the log. It lias been shown that for 
some species of trees the board roots are not developed so long as the 
trees do not become dominant. If it be desired to suppress the buttress 
habit for such species, it will be found effective to adopt a sylvicultural 
treatment which will keep species of the same crown class together, so 
that throughout the entire rotation none will become dominant. In 
some parts of the Larnao Heserve such a system is already naturally 
realized. On the other hand, it may be expedient ns fully as possible 
to develop the board roots, for certain timbers are valuable for broad 
table tops. In such cases a sylvicultural system, the reverse of the one 
just given, would produce the desired results, if the strain is the cause 
of the development of plank buttresses, then this could he concentrated 
by the removal of the less desirable ones, so that the others would receive 
more of it and thus become stimulated to better development. 

Fluted trunks .—In some trees at the top and at the base of the bole 
there is a tendency to develop a fluted appearance. In such individuals, 
especially if the trunk is short, the grooves are apt to be more or less 
continuous throughout the entire length, although the middle portion 
is more nearly circular in cross section. Euphoria cinerea, Eugenia lu- 
zonensis (PI. VI), Dracontomelum cumingianum. Rein ward Hod endron 
merrilliij Turpinia pomifera, species of Ficus , and others may have such 
irregular trunks. Many trees do not have the buttress habit in any 
situation. Among those which may sometimes become dominant are 
species of Anonacec r. as Cyaihocalyx globosm and Gananginm odoratum, 
and in other families Bomhax reiha, Zizyphus zonulatus, and of those 
which seldom reach above the second-story vegetation, Stromhosia philip- 
pinensis , Aniidcsma cdule, and many others may be mentioned. 

Tree habit .—In the A n isopte rn-S tro mb asm formation, aside from 
Bamlmsa, Gnetum gnemon . and Bandanas luzonensis, there are only a 
few scattered individuals of plants that have acquired the tree habit in 
the great groups of Ptendophytes, Gymtws perms, and Monocotyledons. 
Gnetum gnemon , as shown bv Tables XIII and XIV, forms a conspicuous 
element in the second-story vegetation of the forests, it rarely reaches 
a height of more than 12 meters. It is easily distinguished by its very 
broad, opposite mesophytic leaves and the joints of the trunk. These 
latter cause the hole to resemble a bamboo with short, thick internodes. 
(See PI. XIV.) The liliaceous Draco-na anguslifolia, represented only 
by a ffcw trees over 4 meters tall, is nevertheless conspicuous by many 
specimens under thus height and by its long, narrow, clasping leaves. 
Only one specimen of a tree fern, Atsophila coniarninans, is present (sec 
PI. XXVI). This will be discussed in another connection. Near the 
upper limits of the Bambusa-Anisoptera formation there are two groves 
of the palm Orania palindan , and a few scattered specimens were noted 
elsewhere. One grove of eight trees of Cycas drcinalis was found in a 
semi-open place within this formation. 
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Shape of crown .—Aside from the regular oval or irregular tree crowns, 
a number of types worthy of mention were noted. Polysias nodosa , 
which in the parang usually has a single rosette of large compound leaves, 
in the dosed forest reaches tree dimensions of considerable size and has 
from three to six short branches at the top, each of which ends in a 
rosette of leaves. Many Meliacecp have similar crowns; in young trees 
there is a single rosette, and in older ones there are rosettes on the ends 
of secondary and tertiary branches. This, as already shown, is the habit 
of Dracontomctnm cumingianum. Koordersiodendron pinnatum has 
a similar habit. Omnia palindan , Cyras circinalis , and a tree fern, 
Alsophila con taininans, are among the smaller ‘trees which have a single 
rosette of compound leaves. Of those which have a single rosette of 
large simple leaves are Semecarpus gigantifolia, Maoaranga mappa, 
and Ficus psudopalma. By far a majority of trees have an oval or 
spherical crown or a more or less irregular one. Aside from compound 
leaves of members of the Leguminosiv, the Meliacecp, Bursemcece, and 
Anacardiacew , most of the trees have simple, entire leaves. Those with 
a serrate or wavy margin are the exception. Guttered leaves are repre¬ 
sented, though sometimes obscurely so, by species in the Moracece (Ficus), 
Guttifem (Calophyllum and Garcinea ), Myrtaccce (Eugenia), and 
others. 

Bark of trees .—Nearly all writers on tropical vegetation have called 
attention to the thin bark of tropical trees as compared with those grow¬ 
ing in temperate climates. This is due to the weak development of the 
corky tissue. The measurement of the bark of 44 mature or nearly* 
mature trees, representing different species, shows an average thickness 
of 6.87 millimeters. Of those measured, Palaquium luzoniense, with a 
bark 15 millimeters in thickness, represents the maximum, and Antidesma 
edvle, with a bark 2 millimeters thick, the minimum. The cause of the 
weak development of the corky tissue is generally attributed to the effect 
of humidity on the formation of bark. Where the humidity differs, 
observations have not been extensive enough to show any appreciable 
variation between the development of bark on the same species in the 
trees of the Latnao Reserve, found in two or more plant formations. (See 
Pis. X, XT, XIX. XXI, XXI1, XXTIT, XXIV, and XXV, for bark 
characters.) 

Notes collected in reference to the bark of nearly a hundred different 
species show that in a majority of cases this is smooth, and light gray or 
brown in color. In many instances the surface is more or less thickly set 
with corky pustules of various shapes and sizes. In the case of the rham- 
naceous Zizyphus zonulatus, short, thick pyramidal thorns are charac¬ 
teristic. In Diospyros fyilosanthera the pustules are more or less thorn¬ 
like, but do not assume any regular shape. In many trees with more or 
less smooth bark, it is shed at irregular intervals in large or small scroll- 
like patterns. Tn the myrtaceous Tristania decorticata, as the specific 
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name implies, the whole bark is shed periodically, in this respect it re¬ 
sembles the closely related Eucalypti. In other genera of Myrtacem the 
bark becomes papery. In Eugenia luzonensis the corky layer, which 
is a light red, peals off in this papery fold very much like the birch. In 
Eugenia bordenii the thin layers are light gray instead of red. While 
gray or brown arc the predominating colors of barks, yet there are excep¬ 
tions. In Diospyros jnlosanthera and other species it is nearly f)lack. 
A yellow bark distinguishes Calophyllum wallichianium at once. In 
many cases the bark is ridged. Usually the ridges are low and corre¬ 
spondingly the depressions are shallow. Of course, in many species the 
rough barks do not appear until the tree has attained some degree of ma¬ 
turity. Among these trees which have rough barks may he mentioned 
Palaquium luzonieme , Aniaoptcra vidaliana (in very old age), Shoreu 
contorta , Koordersiodendron pinnatum> and others. In Pitliecolobium 
acle and in Bischofui trifoliata the corky layer consists of choppy flakes 
turning outward at the free, lower edge. 

Sap of bark. —Aside from the outer, the middle and inner barks often 
have distinctive characteristics which enables one to place them in the 
family. In the case of the Anonacew the strongly marked, medullary 
rays of the inner hark form alternating bands parallel with the radii of 
the trunk. The exudation of sap from the cut bark also is often striking, 
and with or without other characteristics will enable one to identify the 
families. Thus, in the Myristicaceaa represented by Myrisiica and Knema, 
the bark when cut freely exudes a red sap. In the genera Calophyllum 
and Garcinia of the Guttifcrw the sap is yellow, in the Dipterocarpacew 
a nearly colorless resin is slowly exuded. In the Bunseracew, in species 
of Canarium and in Santiria nitida , a similar resin is found which burns 
readily. The white and often abundant milky sap of the trees in members 
of the Momcecc, Apocynaccce, and Sapotaccw will distinguish these fami¬ 
lies from others, though often other characters are necessary to tell them 
one from the other. 

It will bo seen from the above that frequently there are family, generic, 
or specific differences substantial enough to warrant the collecting of 
data for a key which will enable one to distinguish the many species by 
bark characteristics. Undoubtedly, the need of such a key for the prac¬ 
tical forester is great, for the difficulty of obtaining flowers or even 
leaves from the tall trees, coupled with the multiplicity of species, makes 
the task of mere determination a difficult one. 

Caviiflory. —Schimpor 38 associated cauliflory with thin bark characters. 
Other authors associate it with conditions of pollination. Buscalioni 39 
claims that the cauliflower habit is a primitive one and persists in plants 
of hot, moist regions. The ecological advantages are numerous. In 

“L. c. 330. 

M Buscalioni, L., Sulla oauliforia. Malpighia (1904) 18: 110-176. A full 
bibliography of the subject is given with this paper. 
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many cases heavy fruits are produced which, if not attached to a strong, 
woody stem, would be easily broken off. Such is the case in many 
Meliacecc, where the fruits often become large, and, when grouped on one 
stem, very heavy. Ficus minahassce (see PI. XXVI) has a fruit stalk 
which often is 3 meters in length and thickly covered with fruit. No 
smal^twig could possibly support such a weight. An enumeration of the 
plants of the Lamao Reserve which possess eauliflory would include species 
in many of the large families. However, instances where the trunk bears 
the flowers or fruit are not common. Among those observed were 
Kngcnia whitfordii , Ixora macrophylla, and a number of species of Ficus. 
An undetermined species of the anonaoeous (hniothalamus had the short 
flower-stalk springing from a root at the base of tree. Very numerous 
are the trees which exhibit an attachment of the flowers to the smaller 
and larger branches. Another significance ascribed to eauliflory is pro¬ 
tection of botli the flower and the fruit from too much heat and rain. 

Clearings in forest. —{Hearings made in the midst of the Anisoptera- 
Strombosia formation often by Negritos, usually fill up rapidly with 
climbing bamboo and are similar in character to those described under the 
IHnochloa parang. However, no extensive tracts have ever been cleared. 
In Plato X is shown a river terrace from which the second-story growth 
has been taken. Plate XXVI1 is a view of a portion of this same terrace 
about two years later. The forest was opened sufficiently so that light- 
loving species could thrive. Many woods (see p. 395) had gained a foot¬ 
hold and other species enumerated in connection with the plate have 
invaded ^this region from an open, rocky terrace, near by. That the 
clearing will quickly recover its normal condition is evidenced by the 
fact that species of the standing trees already have seedlings in the new 
growth. 

Seedlings. ~ As most of the data for this paper were collected during 
the dry season, there has been little opportunity to study the early con¬ 
dition of the seedling process. The tables in which are given the actual 
number of young trees under 4 meters in height show some results. For 
instance, Anisoptera ridaliana in the open places on the rocky terrace 
(Table XIII) show many more young than old trees, while on the more 
closed adjoining hillside (Table XIV) there are fewer young than old 
ones. In Parkia roxburglni the difference is still more striking. The con¬ 
clusion is that these two trees are exceedingly intolerant; of shade. This is 
especially true of Parkin. After the rainy season sets in, many seedlings 
of Anisoptera were observed in rather shady forests, though they were 
alwa 3 r s more plentiful in open places. On the other hand, Dipterocarpus 
vernicifluus shows a large number of young trees in the closed forests, 
and corresponding with a less number of larger trees in the open places, 
there are fewer seedlings. During the rainy season many seedlings of 
this tree were found in very dense shade. The large, winged seeds 
germinate lying on top of the ground. In open places, even well stocked 
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with seeds, only a few seedlings were found. This indicates conclusively 
that the shaded conditions are the best for this species. Facts deduced 
from the table and from iome observation during the rainy season show 
that Koordersiodendron pinnatum resembles Anisopiera in its seeding 
habits; that is, it will tolerate shade, but it does better in more open 
places. Correlated with the light-loving habit one finds the seed of 
Koordersiodendron pinnatum and Parkin roxburgliii germinating to some 
extent before the rainy season sets in. On the other hand, Anisopiera did 
not, though many seeds were present. A\ pinnatum lias a fleshy fruit 
which is eaten by the wild hogs. The seeds, however, pass through the 
intestines of the animals undigested and are buried in loose ground made 
by the rooting of the hogs, where in a few days they germinate. Thus the 
seeds may not only be carried long distances by hogs, but are also planted 
by them. However, the young tender seedlings which germinate may be 
eaten by the same animal, so that the advantages which this tree would 
have over others is partially counteracted by the same agonl. 'Many very 
young trees of Calophyllum ivallichianum were observed both in open and 
closed places, though in the latter they are most numerous. On the other 
hand, many species represented by larger trees show no seedlings at all; 
Lagerslnxmia speciosa is a striking example of this. Though seeding 
abundantly during both seasons in which it was observed, not a single 
seedling could be found. Efforts to germinate these seeds in the nursery 
proved unavailing. Species of Dipterorarpacvtp other than those discussed 
show an average number of young trees present, but as these species 
did not fruit abundantly during the two seasons under consideration, the 
sylvicultural habits as regards light can not with certainty be determined. 
A reference to the tables will show the proportion of young to old trees in 
other species. Much work remains to be done on the seedling condition 
of the principal forest trees before any definite conclusions can be 
reached. 

Topography and soil .—The topography of the Anisaptera-8tromhosia 
formation consists of a series of ridges alternating with deep canon-like 
valleys. The gradient of the slopes of the valleys is approximately 25 
degrees, although, of course, it may he more or less. We have seen that 
corresponding to the surface diversity there are types of forests which dif¬ 
fer in species and in leaf structure. Here, as in other formations where 
the slope is steepest, the surface wash is greater and consequently the soil 
is shallow. Usually, also, the exposure is great. AIL these combine to 
make a lower chresard and consequently a more xerophytic vegetation. 

Especially are these conditions obtained on the ends of ridges which 
terminate abruptly at the junction of the branches with the main streams 
of the river. Attention has also been called to the character of the vege¬ 
tation on the rocky flood plains of the river. Here, though the under¬ 
ground water level is rather near the surface yet, because of the nearly 
absent soil and the hydrodynamic effect of the flooded stream, the vege¬ 
tation is inclined to be more or less unstable and consequently open. 
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Slightly higher terraces where the surface wash of the slopes adjoining 
them has been deposited, exhibit the best conditions for growth. However, 
such terraces are narrow. On the gentle slopes, with a gradient of 20° 
and under and on top of the level ridges, good vegetation conditions are 
obtained. 

The soil, as already shown, is composed of a heavy clay, the residual 
of the andesitic rocks of the mountain. The depth, even on rather steep 
slopes, is surprisingly great. All through the formation, holes in many 
instances 2 meters deep made by Negritos in search of the wild yam occur. 
In some instances the residual soil on narrow level ridges is as much 
as 3 meters in depth and perhaps more. In many places, however, the 
disintegrated portion of the rock is at or near the surface; in such 
places the vegetation is thin. Here deciduous or evergreen trees with 
xerophytic structures arc common. 

An analysis 40 of soils collected on the tops of ridges and on terraces 
shows the following: 

Table XVI. 
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Description of soils .—I is the surface soil of a ridge; II, collected at 
depth of 15 centimeters in the same situation; III and IY are surface 
soils collected from terraces. 

Htnnvs .—It will be seen that the soils are not deficient in essential 
elements and that the water-holding capacity is high. The absence of 
humus in the soil of tropical forests has long been a subject for discussion. 
Schimper, 41 quoting Woliltniann, claims that humus covers smaller areas 
in the Tropics than in temperate zones. In South India, however, about 
one-third the area is covered with a rich soil containing 8 to 9 per cent 
of organic matter. The analyses of the soils in question show an average 
humus content of 3.09 per cent, which in comparison with twenty soils 42 
given by Stoekbridge is rather high. Of the twenty which he mentions, 
the Ijamao soils are surpassed by only three. Nevertheless, in comparison 

40 All soil analyses given in this paper were made by L. A. Salinger of this 
Bureau. The methods for chemical analysis are those adopted by the Association 
of Official Agricultural Chemists. See Bull. 46 (revised edition), f7. 8. Dept. of 
Ag. Div. of Chem. Water capacity, loss on ignition, humus, and loss of water at 
100°-105° are calculated on air-dry soil. 

41 L. c., 380. 

48 Stoekbridge, H. E. Hocks and Soils, 250, 1895. 
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with the mass of half-decayed organic material of the beech or maple 
forests which is so prominent in some places in temperate regions, the 
Lamao soil is poor. The intermediate stage between the forest litter and 
the almost completely disintegrated organic matter is passed over quickly 
in tho Tropics. This, perhaps, will account for the impression that the 
humus accumulation is not great. It must be remembered that the forces 
which bring about the decomposition of complex organic compounds, 
both of plants and animals, are much stronger in the Tropics, and because 
of the continuous warmth they are continually at work. Thus there is no 
accumulation of organic, decaying matter in the intermediate stages. In 
temperate regions, on the other hand, the accumulation during the whole 
year is greater than can be disposed of during the short, warm period in 
which nitrifying bacteria and other agents of decay would be operative; 
consequently, each year a surplus is added to the constantly increasing 
mass. In regions of great rainfall, where during heavy rainstorms the 
surface becomes a sheet of water, a great deal of organic litter is washed 
into the streams and thus lost to the forest. Especially is this the case 
in regions of rough topography, where the drainage is excellent. 

Correlated with the scarcity of half-decomposed organic matter is a 
rather scanty development of fleshy fungi, though at the beginning of 
the rainy season a number of forms appear. Woody fungi, however, are 
constantly in evidence*, usually on old logs or standing dead trunks. 
Among the genera present may be mentioned Auricularia , Schizophyllum , 
Sterum , Polystichus , Polyporus , Pomes , and Trametcs. Mosses and 
liverworts are scantily represented. Lichens are found abundantly on 
tho smooth bark of the trees and on boulders. Other than the crualaceous 
forms are almost entirely absent. 

Many of the ecological and structural characteristics of the Anisoptcra- 
Strombosia formation are also present in the other formation, so that a 
repetition of this matter will not be necessary. However, where differ¬ 
ences occur, attention will be called to them. It has been noted that in the 
Barnbimi-Parkin formation many xerophytie and tropophvtic structures 
appear. In the AnisoplerorSirombosui formation the same condition is 
obtained, but to a less extent. The evergreen element is much more 
pronounced and the deciduous nature correspondingly less characteristic. 
This is in accord with the more mesophytic conditions which prevail here 
in contrast with the lower formation. However, as shown by the tables, 
many plants prevail in both habitats. Trees like Parkin ., Lagerstroemia , 
and Ficus with a partial deciduous habit are present, though less con¬ 
spicuous in the Anisoplera-Strombosia than in the Bambusa-Parkiu 
formation. 

Summary. — 1 . In the A nisoptera-Strombosia formation a two-story 
vegetation prevails; the bamboo story of the Bambusa-Parkia forest is 
replaced by small dicotyledinous trees represented by Sirombosia. 
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2. The forest conditions and consequently forests are less xerophytic 

and tropophytic during the dry season; though the deciduous habit is 
present, no trees are deciduous throughout the entire dry season. This 
brings the forest more nearly in accord with Schimper’s tropical rainy 
forest than the Bambusa-Farina formation. 

H. The two-story vegetation gives prominence to certain dominant 
species, among which members of the Diplerocarpacei p predominate both 
in number and actual volume. 

4. The development of plank-buttresses is often associated with the 
dominant trees. 

f>. The great floristie complexity of the forest is in striking contrast 
with that of temperate forests. 

6. Within the formation, various physiographic situations support 
different types of vegetation. The mesophytic slopes and narrow terraces 
support the climax vegetation, the rocky, flooded terraces arc unstable, 
and the exposed ridges a more or less xerophytic vegetation. 


[TO BE CONTINUED.] 
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*latk I. View looking Houthward from Buena vista Peak to Cabcaben Peak along 
the rim of the crater, which is on the right. The tree with an 
umbrella-shaped top seen on Cabcaben Peak, the ridge leading to it, 
and on the rim of the crater is Leptospvrmum amboinenac. The rock 
in the foreground is in Plot H, Table XXI11. Freycinciia up., a liana, 
is in front of it. Behind the rock on the right is Eugenia congesta, 
on the left are Photina luzonensis and one specimen of Venwniu 
arborca. 

IT. Looking across the cad on near the head of the Lamao River to Caybulm 
Peak and the ridge leading to it. Caybnhu Peak is shown on the 
left. The steep slopes of the cafiou are densely wooded except where 
almost perpendicular sides have made conditions too unstable for 
tree vegetation. 

HI. View of parang vegetation. The large tree is Parkia roxhuryhii covered 
with a species of Lor an thus. Parkin is in the process of forming new 
leaves. Note the jungle-like thicket beneath. Bambusa-Parkin for¬ 
mation. 

IV. View in the “parang.” In the center is Ariocarpus communis. Below it 
on left, the small tree with a rosette of large leaves is Ficus pseudo- 
paltna. Ficus hauili, Leva manillensis, Tabcrmvmontana pandacayui , 
and Omelina hystria? are also present. Note the abundance of liana 
species. Bambusa-Park in formation. 

V. View on the edge of a clearing. On the left is Arcca catechu; on the 
right a coppice growth of ,1 rtocarpus communis. In the background 
a dense growth of the exotic species Prosopis juliflora , which is 
common near the coast. Bambusa Par kin formation. 

VI. View in an easily flooded, dry river channel. On the right and left 
arc specimens of Eugenia luzonensis; in the center is a large specimen 
of Pandanus luzonensis. Beneath is dense growth of the marantn- 
ccous Uonax arundastrum. The flood plain here is sandy. Anisop- 
tcra-Blrombosa formation. 

VII. View on river terrace about 3 meters above low water. In the center is a 

specimen of Pandanus uhitfordii; on the left of it is G a rein i a venu- 
losa with Dinochloa diffusa over it. In the foreground is a species of 
rattan {Calamus) ; the large tree in the background is Anisoptera 
vuialiana. A nisoptera-Strombosia. formation. 

VIII. View of a low, rocky terrace easily flooded. Along tin? edge of the 

stream at the right is Ifomonoia riparia , a willow-like cuphorbia- 
ceous shrub; next it, in the center of the photograph, are Pandanus 
luzonensis and tin? grass Saccharum spontaneum. The trees in the 
background, beginning from right to left, are Dysoxylom schizichitodc , 
Anisoptera vidaliana , and Sarcocephalus cordatus. Photograph taken 
near close of the dry season. During the wet season this terrace is 
frequently flooded. Anisoptcra-8trombosia formation, 
usstt—<» 429 



430 


IX. View oti a river terrace 5 meters above low water. This terrace is never 
flooded. Trees present on left of the trail are /Hpterocarpua vemi- 
eifluus, Oretoia stylocarpa , Cyathocalyx globosus; on the right Oyatho- 
calyx, Ellipanthus luzoniensis, Chorea conoorta , IHpterocarpus vemi- 
eifluus. Note the abundance of bamboo, rattans, shrubby under¬ 
growth and lianas. Anisoptera-Strombosia formation. 

X. A terrace similar to that shown in Plate IX, with the undergrowth 
removed. Note the density of the forest, prevalence of low buttress 
roots, and the dead hanging lianas. Anisoptera-Strombosia formation. 

XL View on a terrace similar to that shown in Plate X. Note the prevalence 
of trees with fairly regular trunks. Anisoptera-Strombosia formation. 

XII. Another view of a river terrace where the forest has an uneven profile. 
Note the large dominant I Hpterocarpua vertiicifluus with a tall buttress 
root. Anisoptera-Strombosia formation. 

XIII. View across n banana field, showing in the background the irregular 

profile of a part of the Anisoptera-Strombosia formation. 

XIV. View on a slope with a gradient. of al>out 15 degrees. Passing from left 

to right are the following trees: Anisoptera mdaliana (with crooked 
trunk), the aiumaceous Xylupin dehiscens, S hurra polysperma (large 
tret* near the center), ihictum gnenum (well in the background), and 
Xanthophyllum sp. Note the prevalence, of lianas (principally Age- 
Iwa wallichii ), rattans, nnd fairly good reproduction. Anisoptera- 
Strombosia formation. 

XV. Vegetation on a slope of 55 degrees. Note the absence of many large 
trees and presence of rattans. Trees are Strombosia philippincnsis, 
(inetum gnenom , Aporosa nym-plocosifulia , Cyelustemon bordenii , etc. 
Anisoptera-Strombosia formation. 

XVI. Vegetation in an open place where a species of Calamus (limoran) 
forms a dense growth. Shorea-Plectronia formation. 

XVII. A species of Ficus or “balete” inclosing the trunk of Crypteronia eumin- 
gii. Note the large root on the right. Shorea-Plcctronia formation. 

XVIII. Shows the character of the bark of Pilhecolobium acle; also a young 
plant of Sche/flera venulosa starting in the soil accumulated in a knot 
hole. This latter species has the “balete” habit. Anisoptera-Strom¬ 
bosia formation. 

XIX. A species of Ficus enveloping a tree of Bischofla trifoliata. Shorea- 
Plectronia formation. 

XX. Shows the characteristic, net-like growth of a species of Ficus on San- 
tiria nitida. Anisoptera-Strombosia formation. 

XXL View in the interior of a forest of the Shorea-Plectronia formation. 

Note the large buttresses of Eugenia glaudcalyw. Large tree on the 
right, in the background is Shorea polysperma . Other trees shown 
are Plectronia viridis (several specimens on the right), Cinnamomum 
mercadoi , Paiaqium t<muiprtiolatum t Thea montana, Mcmecylon cdule, 
and Ternstrwmia toquian . Note the scarcity of undergrowth and 
forest litter, and the presence of cruataeeous lichens on the trunks 
of the trees. Photograph taken in Plot A, Table XIX. 

XXII. View in the interior of a portion of the Shorea-Plectronia formation ou 
a slope of 25 degrees. On the left is a largo tree of Eugenia glauci- 
calyat; to the right of it is Shorea polysperma; between them in the 
background is Oalophyllutn whitfordii. (For other trees in this plot 
see Plot B, Table XIX.) The herbaceous vegetation is represented by 
Carcx continue . 
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XXlll. Shows tho bark characters and many low buttress roots of Qucrcun 
bcnnettii. Other trees present: HKorea polyaperma , Then montana, 
Hymplocoa oblongifolia, and others. HKorea-Plcctronia formation. 

XXIV. View into interior of a portion of the Dipterocarpus-NKorea formation. 

The three large trees are IHptcrocarpus grandifioi us , Oonocaryum tar - 
lacenae is ill front of the one on the left. Note the absence of buttress 
roots and the presence of a deep litter of leaves. Rattans are also 
present. 

XXV. Base of the trunk of A gat his pKilippinenaia, showing character of the 
bark and the exudation of the resin known as almaciga. ((lum copal.) 

Korea-Plcctronia formation. 

XXVI. Kroding bank of the Lamao River, in the background is the tree fern, 
AlaopKila contaminant*. On the left is Macaranga bicolor and l»elow 
it is Fiona minaKoasw. On the right is a large tree of b\ minahasatr , 
showing the hanging Mower stalks originated on the trunk or the base 
of the larger branches. At the base of the tree fern are ltcgonia 
rKombioarjta , tho fern Polybotrya appcndiculata , and species of Scla- 
ginella. Aniaoptera-Strombosia formation. 

XXVII. Portion of terrace shown in Plate X. taken sixteen months later. All 
the undergrowth present started from seed. Note the presence of 
the large-leaved Macaranga mappa; also Macaranga bicolor and 
Homalanthua populncua , all these species being characteristic of recent 
clearings. Aniaoptcrn-Ntromhosia formation. 
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THE WATERS OF THE CRATER LAKES OF TAAL VOLCANO 
WITH A NOTE ON SOME PHENOMENA 
OF RADIO-ACTIVITY. 


By R. F. Bacon. 

{From the Chemical Jtirinrion , Bureau of Science.) 


The crater of Taal Volcano, in the Province of Batangas, central 
Luzon, has in it two very remarkable pools. They are known as the 
Green Lake and the Yellow Like, respectively, owing to the color of their 
waters. About 2 liters of water was obtained from each of these by the 
members of an expedition from this laboratory, who visited the volcano 
during the present dry season (January, lDOti). 

The volcano consists of a scries of elevations containing, among others, a large 
orator about 3 miles long ami 2 miles wide, rising from the waters of Lake Taal. 
Within this is a small crater, at present active in the solfotaric stage, and the 
ash cones of several dormant, ones. There arc also three lakes within the boun¬ 
daries of the large extinct crater; two of these have been mentioned ubove, the 
other is in the crater of the present active cone and it was not accessible at the 
time of this expedition. The water of this lake is at a boiling temperature and 
large volumes of steam continually rise from its surface; the temperature of the 
other two, at the time of the visit, was only a little above that of the air (about 
38° C.). These lakes are described as being boiling hot by former investigators 
and there is little doubt but that they may change very markedly from season 
to season. 

These waters were considered to be deserving of investigation because, 
as they possibly had such free access to the depths of the earth, they 
might be of an extraordinary composition. The analyses proved that, 
while the concentration and acidity of the waters were remarkably high, 
rare or unusual elements could not be detected in the amount of liquid 
available, neither were we able to demonstrate that the samples were 
radio-active, but this lack of radio-activity may be due to the fact that 
they had been standing for about four weeks before it w r as possible to 
make the necessary tests. A rock sample obtained from the yellow pool 
wityB not radio-active. The determinations were made by dissolving a 
portion of this sample in acid and then drawing air through the solution 
and into a gold-leaf electroscope, the construction of which is described 
below. This specimen was a very porous basalt which had soaked up a 
large quantity of water, and on standing in the laboratory it gradually 
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became covered with a growth of alum crystals which were colored 
yellow by a small amount of ferric salt, la appearance the crystals 
deceptively resembled those of sulphur, and there is no doubt but that 
many statements concerning the large amount of sulphur in volcanic 
craters would be more accurate if iron salts were t&keh into consideration. 
The negative results obtained from this rock make it appear probable 
that there are no radio-active saltB in solution in the water. 

Water No. 1 was of a decidedly green color and when brought into 
the laboratory was comparatively free from sediment; No. 2 was of a 
greenish-yellow and was partially filled with a sediment which largely 
consisted of gypsum. No odor of hydrogen sulphide or of sulphur 
dioxide was perceptible in either water and microscopic examination 
revealed no organized matter. 

Qualitative analysis showed the presence of ferrous and ferric iron, 
ammonium, aluminum, phosphoric acid, magnesium, calcium, potassium, 
sulphuric and chlor-ions, barium and strontium (spectroscopic determina¬ 
tion only). No caesium or rubidium could be detected. 

The quantitative analysis is as follows: 

QiumtUatim analytes of water* from the. crater of Taal Volrano. 

[Figures express grams per 100 cc. of tho water.) 


Color 

No. 1. 
Green. 

No. 2. 
Yellow. 

Sp. gr. at 15° C. 

L 1062 

1.1763 

Acidity 

1.28N. 

2.08 N. 

Acidity calc, as H,80 4 

6.14% 

10.28% 

Calc, as HCU 

4.65% 

7.57% 

Total solids (filtered water), by 
heating to 110° for 6 hrs. 

16.8678 

25.7236 

Total solids (unfiltered water), 
by same method 

16.9312 

30.3175 

(Sediment difference) 

.0634 

4.5940 

S0 4 

4.1303 

5.6768 

Cl 

6.3143 

11.2700 

Fe (total) 

1.031 

1.711 

frV 

.^60 

1.3250 

Fe 

.3160 

. 386 

A1 

1.1892 

3.485 

Na 

1. 7217 

.9343 

P0 4 

.0273 

.0391 

Ca 

.0934 

.1042 

Mg 

.9432 

1; 8210 

K 

.0418 

.0514 


The following is the analysis made by Jos6 Centeno 1 in 1885, calculated 

1 JosS Centeno, studio Geoldgioo del Voledn de Tool" 21, 22. Also in Becker 
“Reports on Geology of the Philippine Islands”, p. 49. Extracts from 21st Annual 
Report U. 8> Geol. Survey (1899-1900), Part III. 
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ions, the results expressed in grains in 100 cc. water. No. 1 is described 
- as the yellow or more northerly lake and No. 2 as the green one. 



No. 1. 

No. 2. 

Total solids 

2.6988 

6.0022 

tfe 

. 1315 

.3036 

Fe 

.0209 

.0612 

Na 

.6471 

1.2405 

K 

.0372 

.1821 

Cl 

1.2873 

3.4596 

so 4 

. 4122 

.4186 

1*04 

. 0396 

.0515 

Al 

. 0143 

___ 

M« 

.0204 

.0335 

Ca 

. 0150 

.0130 

Free acid calc, as H a 8<) 4 

.15% 


Free acid calc, as HC1 


.894 

8iO, 

. 0040 

.074 


A comparison of these two analyses with the recent ones from this 
laboratory shows a marked difference; the water we obtained is much 
more concentrated and the content of free acid is higher. 

In connection with the study of the radio-activity of these waters, 
some very curious phenomena were noted, of which it is desired to make 
a preliminary announcement at this time. The general arrangement of 
the apparatus we used was that of H. Mache.* In place of the large 
bell-jar containing the electroscope, a Novy anaerobic jar was used. In 
this was constructed an electroscope similar to that described by Bolt- 
wood. 8 Behind the gold leaf was placed a photographed scale which 
was magnified by a suitable arrangement. In ordinary, diffuse light in 
the middle hours of the day, the rate of discharge of the electroscope was 
very constant, the gold leaf moving one division of the scale in five 
minutes. However, it was noted that late in the afternoon the rate 
became much slower, being one division in ten to fifteen minutes. In 
the sunlightyit was found that the discharge rate was very markedly 
increased, averaging 18 divisions in five minutes. Experiments in total 
darkness gave a total discharge rate of 1 division in two hours. These 
experiments in each case extended over a period of from thirty minutes to 
four hours and the rate was then calculated to a unit time of five minutes; 
however, readings were generally made every five minutes, and for given 
conditions the rate was usually quite uniform throughout a series. We 
have also noted a singular behavior in uranium salts placed in the 
sunlight. The air passed through an aqueous solution of a uranium salt 
afte? the latter had been exposed to sunlight for a short time is about 
twice as active in discharging the electroscope as it is from the same 
solution kept in diffused light, this acquired activity being rapidly lost 

1 Monatshefte fUr Chemie (1905), 26, 695. 

9 Am. Jour, of Sri . (Sill.) (1904), 18, 97. 
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on removing the salt from sunlight. This result is not surprising in 
view of the work of Seekamp 4 ami others in which they demonstrated the 
powerful catalytic action which uranium salts displayed only while in 
the sunlight. 

The general action of sunlight is often such as to make chemical sub¬ 
stances better conductors of electricity. 5 Thus, in the sun's rays, sulphur, 
phosphorus, selenium,® and mercuric sulphide 7 are changed into modifi¬ 
cations which more easily conduct the electric current. Silver * and 
gold® oxides lose and lead oxide 10 and manganous oxide 11 gain oxygen, 
each to give a substance which offers less resistance to the passage of the 
current. In aqueous solution the same facts are noted. Chlorine and 
bromine water give the respective halhydric acids; an aqueous solution 
of sulphur dioxide, 12 even in the absence of free oxygen, is changed in 
the sunlight into sulphuric acid and sulphur; a solution of potassium 
iodide gives the better conducting potassium hydroxide; 111 ferric chloride 
with oxalic acid and with alcohol 14 gives a mixture with increased 
conductivity, and the same is true of mercuric chloride in conjunction 
with ammonium oxalate. 15 

Hertz 10 allowed that a spark is formed much more easily in air when 
the spark gap is in the light than when it is in the dark, and Arrhenius 17 
from his own work and that of Hertz on the conductivity of gases at 
low pressure under the influence of light makes the deduction that light 
has a tendency to ionize the air and thus to make it a better conductor. 
Mrs. Ayrton 18 among many curious experiments demonstrated that a 
candle flame could discharge an electroscope very rapidly at a distance of 
40 centimeters. Many more instances can easily be added to this list. 
Wc believe there is here a more general relation which has not as yet 
been explained and therefore we expect to study these interesting 
phenomena in a much more exhaustive manner. For this purpose we 
have ordered apparatus of sufficient delicacy, but at the time of writing 
the proper instruments are not available in the Philippines, and for this 

« Ann. d. Ghemie (Liebig) (1802)* 122, 113; (1865), 133, 253. 

6 Bee J. Gibson, Ztsch . Phyn. (them. (1807 ) 23, 349. Arrhenius, Wien Akad. 
(1887 ) 96, 831. 

*Proc. Roy. 8oo. (1889) 46, 130. 

7 Heumann, Her. d. ehem. (3 mil. (1874) 7, 750. BOttger, Chew. Genlralbl . 
(1875) 291. 

•Arrhenius, Wien. Akad. (1887) 96, 831. 

•Chevreul, C, li. (1858) 47, 1007. 

1,1 Schonbein. Rdmann % a Journal (1850) 51, 273. 

11 Chastaing, Ann. Chim. Phya. (1876) (5) 11, 145. 

“Idem, l. c. 

“Bog g. Ann. (1803) 119,497. 

"Chastaing, l. i\ 

"Wien Akad. (1880) 80 (2) 036. 

’• Hertz, Wied. Ann. (1887) 31, 983. 

"Arrhenius, Wied, Ann. (1888) 33, 643. 

"Nature (1902 ) 66, 390. 



reason we beg to reserve the field for a short time. We expect in our 
next communication to bo able to report more authoritatively on the 
radio-activity of the Taal waters, including those of the lake inside the 
present active cone, and an expedition will probably be organized to 
obtain samples before' the eruptions attendant upon the rainy season 
may possibly have destroyed the lake. We believe such observations will 
be of value in judging certain theories of the present day concerning the 
radio-activity of the surface of the earth. For the sake of completeness 
an analysis of the water of the larger lake surrounding the volcano, which 
was made some two years ago by Mr. F. A. Thanisch, formerly of this 
Bureau, is appended. 


[Result* expre**«*<l ns parts In 100 


Total residue 

0.1716 

Fixed residue 

0.1484 

Loss cm ignition 

0.0282 

Free NH, 

Trace. 

Nitrites 

Traces. 

FeA ) 

A 1,0* 1 

0.00042 

Ca 

0.006880 

Mg 

0. 004942 

Na 

0.045684 

MO, 

0.00315 

01 

0.0720 

so, 

0. 01913 

CO,, an bicarbonate. 

Considerable. 


The water has a slightly alkaline reaction and contains a slight white 
deposit. 

The above demonstrates the radical difference between the waters of 
the lakes withiu the crater and of that of the lake surrounding Taal 
Mountain. 




CONCERNING SILVER OXIDE AND SILVER SUBOXIDE. 


By Gilbert N. Lkwis. 

(From the ('hrmicul Dirinim, tlnreon of Science,) 


On account of the uncertainty as to the correctness of the value at 
present accepted for the electrolytic potential of oxygen, I have attempted 
to calculate this extremely important quantity by an indirect method. 
One very necessary datum needed in this calculation is the decomposition 
pressure of silver oxide at 25°. Tho determination of this pressure is 
the subject of the preturnt paper. Incidentally it will be necessary to 
consider the suboxide of silver which, by certain chemists, has been sup¬ 
posed to exist. 

LeChatelier 1 was the first to show the reversibility of the reaction, 

2 Ag a O = 4 Ag + 0 2 . 

By the decomposition of silver oxide in a closed tube at 300° he obtained 
a pressure of 10 atmospheres. On the other hand, by heating silver at 
the same temperature in oxygen at 15 atmospheres he observed the 
oxidation of the silver. He therefore placed the decomposition pres¬ 
sure of silver oxide between 10 and 15 atmospheres. 

Knowing this pressure for one temperature, and the heat of decom¬ 
position, it should be possible to calculate with the aid of the van’t 
Hoff equation, the pressure at another temperature. However, such a 
calculation must be made with great caution. In the first place, we 
must be sure that at both temperatures we are dealing with precisely the 
same reaction. 

Guntz 2 has undertaken to show that the pressure he obtained by 
heating silver oxide at 358° vCas not the decomposition pressure of silver 
oxide but of silver suboxide. In other words, he believed that silver oxide 
at first decomposed entirely into suboxide and oxygen, according to the 
equation, 

4 Ag,0 = 2 Ag 4 0 + 0„ 

and that the suboxide then partially decomposed until equilibrium was 
reached, according to the equation, 

2 Ag 4 0 = 8 Ag + O a . 

'Zeit. Phyt. Ohem. ( 1887 ), 1 . 516 . 

•0. tt. 128 ( 1890 ), 890 . 
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The existence of such a suboxide would not prevent the determination 
of the equilibrium pressure in the system, Ag, Ag a O, O a for this pressure 
could readily he calculated from the equilibrium pressure in the system 
Ag a O, Ag 4 0, 0 2 , and that in the system Ag 4 0, Ag, O a . However* I 
shall show that in experiments covering a wide range of temperature, the 
suboxide never appeared and that the experiments which led M. Guntz 
to believe in its existence are probably to be interpreted otherwise. 

I shall first describe measurements of the decomposition pressures at 
several temperatures and then show that the quantities thus obtained 
represent true equilibrium in the system Ag 2 0, Ag, 0*. 

Two samples of silver oxide were used. These will be referred to 
as A and B. A was prepared from hot, dilute barium hydroxide and 
silver nitrate as described in my paper on the kinetics of the silver oxide 
decomposition, carbon dioxide being excluded. 8 B was the preparation 
of Merck, labeled “highest purity/’ Both samples before being used 
were heated for several hours at 300°. 

DECOMPOSITION PRESSURE AT 325°. 

The first experiment was made ht 325° 4 in the thermostat of molten 
sodium and potassium nitrates which I have described in the paper just 
mentioned. The apparatus for measuring the pressure consisted of a 
stout, brass tube, about 2 meters long and 1 centimeter in internal di¬ 
ameter, closed at the lower end and at the upper connected with a metallic 
manometer. In the lower end of the brass tube was fitted a thin, glass 
tube 7 cm. high containing the silver oxide (Sample B). In order as far 
as possible to diminish the total air space in the apparatus, the rest of the 
brass tube was filled as nearly as possible with a close fitting glass rod. 
After the apparatus had been exhausted through a stopcock provided for 
this purpose the lower end of the tube was introduced into the thermostat 
to a depth of about- 30 cm. 

Tjhe decomposition began in a few hours and in five days the pressure 
reached a constant maximum as shown in Table I. 

Tahlk T. 


Time in hour*. 

Pressure In ntmoepheres. 

12 

18.5 

24 

26.5 

48 

29.8 

72 

30.1 

90 

31.5 

120 

31.8 

144 

31.8 


» Zeit . Phys. Ghent. (1905), 52, 310; Bulletin of the Bureau of Government 
laboratories, Manila , No. 30. 

4 All thermometers u*ed were compared with Beichsanstalt standards. The 
corrected temperatures arc given. 
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In order to approach the equilibrium from the other side the tube was 
then heated for a few hours at a higher temperature and returned to the 
thermostat. The pressure at first registered .34.0 atmospheres and then 
fell gradually as shown in Table II. 

Table II. 

Time in hour*. Frowurc in attiiOKphortw. 

0 34.0 

24 33.4 

48 32. ft 

72 32.3 

According to these data the true pressure of equilibrium lies between 
31.8 and 32.3. The manometer lmd been verified by comparison with 
a standard manometer but may have been in error by a considerable 
fraction of an atmosphere. Therefore, we will take in round numbers 
32 atmospheres as the decomposition pressure at 325.° 

During this whole experiment there was not the slightest leakage from 
the tube and the whole apparatus was eminently satisfactory. Unfortun¬ 
ately, the work was interrupted at this point by my removal from the 
chemical laboratory of Harvard College to the Government Laboratory 
of the Philippine Islands and the experiments had to be continued with 
other apparatus. 

TIIE DECOMPOSITION PRESSURE AT 302°. 

The next experiments were made in a hath of diphenylamine vapor. 
The first method used was an indirect one. It consisted in heating the 
silver oxide in a closed glass tube which was drawn out at one end to 
a capillary; cooling it suddenly by removal from the bath : opening the 
capillary under a gas burette: and calculating from the volume of gas 
thus collected and from the volume of the tube (exclusive of that 
occupied by the remaining mixture of silver and oxide) the pressure 
which had been exerted in the tube at the temperature of the bath. Eight 
tubes containing different quantities of silver oxide were suspended in 
the vapor of boiling diphenylamine contained in a large iron receptacle, 
and were kept in this bath for six days. During this time it was found 
necessary to renew the diphenylamine several times on account of its 
gradual decomposition. The pure substance (Kahllmum’s) boiled at 
302°. In the course of the experiment several of the tubes were broken; 
in others the oxide had entirely decomposed, ro that finally only one tube 
of the eight could be used for determining the pressure. This was broken 
under water and 8.58 cc. of oxygen was collected in the burette at 
760 mm. and 30°. The tube was weighed, then filled with ether, boiled 
to drive out all the air, filled again and weighed. Prom these two 
weighings the volume of the tube was found to be 0.92 cc. The pressure 

at 302° must therefore have been “ogg- 278 + 30° r 18,0 
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iliiwplicM., It will be shown presently that this value is too small; 
The oxide used in this tube was Sample A, which decomposes, as I have 
shown, far more slowly than B. It is probable that equilibrium had not 
been established when the experiment was ended. On account of this 
difficulty of determining when the reaction had come to equilibrium, the 
indirect method was abandoned and the following adopted : 

Two tubes, one having a bore of about 0.7 mm., the other of 3mm., 
were joined together and then drawn apart at the junction to a fine 
capillary about 1§ m. long (BCD in Fig. 1). In the smaller tube D, 
a short column of mercury was introduced, and the open end sealed, thus 
making an ordinary closed manometer, which was calibrated in the usual 
way after the conclusion of the experiment. The tube B was filled with 
silver oxide and the open end sealed. 



The large bath used in the preceding experiment had also to be aban¬ 
doned on account of the great consumption of dyphenylamine, of which 
only a limited supply was available. A simple bath consisting in a long¬ 
necked glass flask was found to answer the purpose. The neck of the 
flask was about 2 cm. in diameter and was insulated externally by a coat 
of asbestos. The temperature in different parts of the neck was frequently 
tested and the variation over a considerable range rarely amounted to half 
a degree. The tube B was held in a simple framework of glass which 
prevented it from touching the sides of the flask. 

In the preceding paper I have shown that the decomposition of silver 
oxide is extremely slow until a large amount of silver has formed, which 
acts as a catalyzing agent, Therefore, in order to hasten the attainment 
of equilibrium, the tube at the beginning of the experiment was heated to 
a higher temperature than that of the bath until a small part of the 
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oxide was decomposed. The tube was then introduced it to the bath and 
heated continuously, except that at the end of each day it was removed 
and the diphenylamine renewed. After being replaced in the bath the 
pressure always returned at once to its previous value, thus showing that 
during the rapid cooling and heating the reaction had not proceeded to 
any appreciable extent. During the experiment the temperature varied, 
chiefly on account of the gradual decomposition of the diphenylamine, 
between t^e 301.5° and 303°. We may take 302° as the average tem¬ 
perature. It may be noted here that 1° difference in temperature makes 
a difference in pressure of a little less than half an atmosphere. 

The first experiment was made with sample B of the oxide. After 
being inclosed in the tube it was heated gently with a Bunsen flame until 
white spots began to appear in it. It was then introduced into the bath, 
the manometer indicating 0 atmospheres. At the end of two days the 
pressure had reached 16.7 atmospheres and was increasing very slowly. 
The tube was then removed from the bath and heated until a little more 
of the oxide was decomposed. When replaced in the bath the pressure 
was 20.2 atmospheres. During the next twenty-four hours the pressure 
remained constant at this point within one-tenth of an atmosphere. The 
tube was again removed and heated until, on being replaced, 23.2 atmo¬ 
spheres was registered. In the next twenty-four hours this pressure fell 
to 21.6 and in twenty-four hours more to 21.5 atmospheres. 

This experiment shows that the decomposition pressure at 302° must 
be considerably above 16.7 atmospheres (contrary to the conclusions of 
LeChatelier, who placed it between 10 and 15 atmospheres), it is probably 
not far from 20.2 and it certainly is not greater than 21.5. 

The experiment was then repeated with another tube containing the 
same kind of oxide. In this case a longer time was allowed for equili¬ 
brium to become established. Table III shows the pressure at the end of 
each twenty-four hours. 

Table III. 


Time Id <lnyn. 
1 
2 

3 

4 

5 
0 

7 

8 


Prewim* in HlmuNplimfl. 
11.1 
15.1 
17.3 
18.8 
19.5 

19.7 

19.7 

19.7 


It is evident from these two experiments that the correct pressure 
must life between 19.7 and 21.5, and probably nearer to the former value 
than to the latter. Let us take 20.5 as a value sufficiently exact for our 
purposes. 
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TUB DECOMPOSITION PRESSURE AT 445°. 

The next experiments were made in sulphur vapor, the bath being 
arranged as in the last experiment. At this temperature also, the first 
attempts were made with an indirect method. The simple method 
previously used seemed hardly likely to succeed here, as a change of equi¬ 
librium in the tube would probably occur during the process of cooling 
from the temperature of boiling sulphur. A new method was therefore 
adopted. The construction of the apparatus is indicated ill fig. 1 by 
B C H I. A thick-walled, glass tube of not more than 2 mm. internal 
diameter was drawn out to form a long capillary C. The tube B on one 
side of the capillary was filled with silver oxide and closed at the free 
end. The tube was again drawn to a capillary at I and sealed, leaving 
about 3 or 4 cm. between II and I. During this construction £ small 
piece of tar was placed loosely in the tube where it narrowed to u capil¬ 
lary at H. When the apparatus had been in the bath long enough for 
equilibrium to be established a hot glass rod was brought for a moment 
in contact with the tube at H, thus melting the tar and causing it to run 
into the capillary. This heating was purely local and had no appreciable 
effect on the temperature of the gas in the tube II I. After the tar had 
solidified the capillary was broken at C leaving in the tube H I the orig¬ 
inal pressure. The capillary I could then be opened under water and 
the pressure calculated from the volume of gas evolved and the volume 
of the tube H I. 

While this method was being used, experiments were also made with 
a direct method, a manometer being finally constructed which gave very 
satisfactory results. It is shown as E F (I in fig. 1. B C E F G was 
drawn from a single tube of the kind used in the preceding method. At 
E it was drawn into a series of small bulbs, as these proved to be stronger 
than a single straight tube, and finally it terminated in a long capillary 
which had a nearly uniform bore (about 0. 1 mm.) in the region P 0. 
The pressure was registered by a small mercury column standing at E 
at atmospheric pressure, and at a point F, about 10 cm. from the end 
of the capillary, when the pressure reached its maximum. On breaking 
the tube at 0 after the experiment, the mercury column invariably re¬ 
turned to its initial position at E. The capillary point at G was then 
broken off within one or two tenths of a millimeter from the end, and 
the volumes P G and E G were determined by drawing in mercury suc¬ 
cessively to F and to E and weighing the quantities drawn in. The 
smaller amount being only a few milligrams was weighed on a fine assay 
balance. I believe that this manometer gives pretty accurate results. 
The error caused by the capillarity of the mercury is not over one-tenth 
of an atmosphere, nor is it likely that the change in volume of the capil¬ 
lary tube when the pressure is exerted from within is large enough to 
cause any great error. 
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Two difficulties were met in the use of both the methods which I have 
described. At the high pressure of about 200 atmospheres which is 
here reached, the glass tubes arc likely to explode upon the slightest 
provocation* Fortunately, although explosions in the external tube were 
frequent, the tube B within the hath rarely gave? way. This difference 
between tubes of the same form and drawn from the same piece of glass 
is doubtless to be attributed to the annealing and toughening of the glass 
at th# temperature of the hath. The danger of explosion in the outer 
tube was reduced as far as possible by choosing flawless tubes and drawing 
them with care. The capillaries never burst and probably could have 
withstood a much greater pressure than that to which they were subjected. 
On account of their flexibility and strength they form an excellent means 
of communicating high pressures. 

The other difficulty was that ordinarily enough silver oxide could not 
be packed into the tube B to give the pressure of equilibrium before 
being entirely decomposed. This difficulty was overcome by filling only 
one-half of the tube with silver oxide, the rest being filled with powdered 
potassium permanganate. The latter decomposes at once at the tem¬ 
perature of the bath and produces a much larger quantity of oxygen 
than the same volume of silver oxide. The two substances were separated 
by a small piece of asbestos. 

Experiments in which the manometer was used showed that equil¬ 
ibrium was reached in from fifteen to forty minutes, according to 
the kind of oxide used. In one ease* an addition was made to the appar¬ 
atus in an extra bulb at (* filled with potassium permanganate. After 
the manometer had come to rest as usual, the bulb at (• was gently healed 
causing a further increase of pressure, but this excess of pressure rapidly 
disappeared through the reoxidation of the silver in B and within ten 
minutes the pressure was the* same as before, within a small fraction of 
an atmosphere. This shows that we are dealing here with a ease of true 
equilibrium. 

The first experiments with both methods gave disappointing results. 
The pressures calculated with the aid of Boyle’s law, ranged between 
175 and 200 atmosphere*. Those obtained by the indirect method were 
on the average several per cent higher than those obtained with the 
manometer. However, this difference disappears when allowance is 
made for the difference in compressibility 5 of air and oxygen contained 
respectively in the tubes EG and HI. 

A more careful investigation of the temperature in the neck of the flask 
pointed to the cause of the observed variations in pressure. Although 
a preliminary test had shown the temperature lo be the same in the neck 
and the body of the flask this proved not to be the case always. The 

* Amagat, Ana. de (Mint. ( 5 ) ( I860), 19, 345 ; < 5) (1881 ) 22, 353. 
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temperature in the neck was found to vary considerably when the condi¬ 
tions, such as the angle at which the flask iB held, and the height of the 
heating flame, were changed. This difference between the sulphur and 
diplienylamine baths is probably not so much duo to the higher temper¬ 
ature of the former as to the great viscosity of the sulphur condensing in 
the neck of the flask. 

The tube containing the silver oxide had been placed in the neck 
rather than in the body of the flask in order to avoid possible variations of 
temperature due to spattering of the superheated liquid. Upon experi¬ 
ment, however, this superheating proved to be small. The Eeichsanstalt 
standard thermometer showed the temperature of the liquid to vary 
under varying conditions between 445° and 145.5°, the temperature in 
the body of the flask between 443.5° and 444.5°, Since the thermometer 
may have been in error by 1 or 2 degrees (it was calibrated at 397° and 
505°) we will use, as the temperature in the body of the flask, 445°, the 
accepted value for the boiling point of sulphur. 

Four new experiments were now made similar to those already de¬ 
scribed except that the tube B containing the oxide was now placed 
entirely in the body of the flask. The direct method with the manometer 
was used. 

For illustration I will give the details of the first of these experiments. 
The mercury column, moving rapidly at first, gradually came to rest. 
Its position was read on a scale attached to the capillary. Table IV 
gives tlic distances of this column from the end of the manometer at 
intervals of about five minutes. The experiment was begun at 10:25: 

Table IV. 


Time. 

Distance in nun. 

10.32 

05.0 

10.35 

53.9 

10.40 

49.0 

10.45 

45.9 

10.50 

45.5 

10.55 

45.2 

11.00 

45.2 

11.05 

45.2 

11.10 

45.3 

11.15 

45.2 

11.25 

45.2 


The apparatus was now broken at C and the manometer calibrated; 
0.842 grams of mercury was required to fill the whole manometer, 
0.00413 grams to fill the end of the capillary to the point (45.2 mm.) 
where the mercury came to rest. If we assume Boyle’s law to be correct 


the pressure is 


0.842 

0.00413’ 


or 204 atmospheres. 


The results of this experiment and those of others made under the same 
conditions are given in Table V. 
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Tahi.k V. 


No. of experftoent. 

Kind of Oxldr. 

Pressure. 

1 

B 

204 

2 

B 

191 

3 

B 

200 

4 

A 

205 


Experiment 2 differed from tlio others in that the silver oxide was 
almost entirely used up. The result is undoubtedly too low. Discarding 
this value therefore and taking the average of the other three the result 
as 203 atmospheres. 

The preceding calculations have been based on the assumption that the 
air in the manometer obeys Hoyle’s law. According to the work of 
Amagat 0 the true pressure of air in the neighborhood of 200 atmospheres 
is, at 0°, about per cent higher Ilian that calculated from the volume 
by Boyle’s law. At 30°, the temperature of the manometer, this correc¬ 
tion would be somewhat less, say t wo per cent. Making this correction, 
therefore, w r e get 207 atmospheres as the equilibrium pressure of silver 
oxide at 445°. 

DOES SlLVElt NUIIOXME EXIST? 

M. Guntz 0 heated silver oxide to a temperature of 358° for fifty hours 
and obtained a pressure of 49 atmospheres. This he considered the pres¬ 
sure of equilibrium in the reaction 

2 Ag 4 0 ■- 8 Ag + O a 

and cited as evidence for this view the following experiment. 

In a closed tube were placed known weights of silver and silver oxide 
and a quantity of potassium permanganate sufficient to yield enough 
oxygen to produce a pressure higher than 19 atmospheres at 358°. The 
whole was heated at this temperature for three days. The tube was then 
cooled rapidly and it; was found that the silver had gained in weight and 
the silver oxide had lost in weight by amounts which indicated the forma¬ 
tion of Ag 4 0 in both cases. 

I shall presently show that in all my experiments carried on at tem¬ 
peratures from 300° to 445°, and with two different samples of silver 
oxide, the suboxide of silver was never formed, it seems difficult to 
reconcile my results with those of M. Glint/. Of course, it is conceivable 
that the suboxide is capable of existence and that it appeared for some 
reason in one case and not in the other, just as occasionally some hydrate 
may be suddenly precipitated from an aqueous solution although it may 
fail to appear many times under apparently similar circumstances. 
However, I am inclined to believe that the experiments of M. Guntz can 
bo explained without the necessity of assuming the existence of the 
suboxide. If the pressure in the tube that he used w T as greater than the 


•L. c. 
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decomposition pressure of silver oxide, the gain in weight of the silver 
can be readily explained by its oxidation to silver oxide. The loss in 
weight of the silver oxide can only be explained by assuming that it 
contained water or carbon dioxide. 1 should consider this improbable 
i f it were not for the fact that my own experiments have shown how 
difficult it. is to prepare and to keep silver oxide free from these im¬ 
purities. It is perhaps not generally known that, carbon dioxide, as well 
as water, is rapidly taken up by silver oxide from the atmosphere. One 
sample which 1 prepared in such a way that it was absolutely free from 
this impurity absorbed a considerable quantity of carbon dioxide while* 
standing for a month in a loosely corked bottle. When carbon dioxide 
and water arc once present, they can be expelled only with great difficulty. 
Some of the former frequently remains after the silver oxide has been 
heated an hour or two at 300°. 

That silver sul>oxido was not present in any of the experiments I have 
described will be evident from the following considerations. According 
to the phase-rule, silver, silver oxide, silver suboxide, and oxygen can not 
all exist together in equilibrium. In the absence of suboxide only one 
state of equilibrium is possible, that between Ag, Ag 2 0, 0 2 . But in 
case the suboxide could form, then two states of equilibrium would be 
possible, namely between Ag 2 0, Ag 4 (), 0„, and between Ag 4 (), Ag, 0 2 . 
With a given quantity of silver oxide enclosed in a small volume the first 
equilibrium would exist ; in a larger volume, the second. 

In all the experiments previously described the final mixture in the 
tube lias contained silver, as shown by the color and by the metallic 
flakes produced upon grinding the whole in a mortar. In any given 
ease*, therefore, the remaining black powder must be a single phase*, either 
all silver oxide or all silver suboxide. Let us assume that it is the 
latter and see to what consequences we are led. For example, let us 
assume that the pressure of 32 atmospheres which we obtained at 325° 
is the; decomposition pressure of silver suboxide. Now suppose that we 
inclose so much silver oxide in a tube that if it should all decompose 
according to the reaction, 

4 Ag 2 0 = 2 Ag 4 () + IK 

a pressure of over 32 atmospheres would result. Then metallic silver 
could not form and the only possible equilibrium would be that between 
the oxide and suboxide. 

Thin very experiment was undertaken. A glass tube was filled with 
silver oxide, sealed, and heated for a week at 325°. At the end of this 
time a considerable quantity of silver had formed, although, calculated 
from the volume of the tube and the amount of oxide, over 100 atmos¬ 
pheres would have been generated by the change from the oxide to the 
suboxide alone. A similar experiment was made at 345°. A small 
quantity of silver was placed in a tube and covered with a little glass wool. 
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The rest of the tube was fillet! as full as possible with silver oxide. The 
tube was then sealed and left in the thermostat for five days, at the end 
of which time not only was the silver unoxidized but white spots of silver 
had appeared throughout the oxide. 

These experiments show pretty conclusively the absence of silver 
suboxide. A still stronger proof is given by the experiments at 302°. 
In one of the experiments at this temperature which showed the pres¬ 
sure of equilibriuin to be about 20 atmospheres, the volume of the tube 
and the manometer and the weigh! of silver oxide were d#ermincd. It 
was found that enough oxide had been used to produce a pressure of 55 
to 40 atmospheres if it bad all changed to suboxide, yet a considerable 
quantity of silver was found in the final mixture. 

^Finally, it was foujul possible to show by direct analysis tlmt the black 
powder left in the tubes was not silver suboxidc. It sometimes happened 
that at the end of the experiment the silver oxide was almost entirely de¬ 
composed in one part of the lube and apparently unchanged in another. 
This was due to the fact that the decomposition being autocalytic in 
character, progresses very rapidly at any |>oint when? it has once begun. 
In the first experiment at 502° a considerable portion of the black sub¬ 
stance left in the tube appeared to contain no silver. A sample of this 
weighing 0.0892 grams was heated in a tube connected with a gas burette. 
Tt yielded 4.71 ee. of oxygen (at 27"'\ 7150 mm.). The above quantity of 
pure silver oxide should give theoretically 4.7*1 ce. This is an unex¬ 
pectedly good agreement. 

In the experiments at 4 15 there was no case in which the remaining 
oxide did not contain some silver, but two samples were chosen which 
appeared to be least decomposed ; 0.205 grams of the first gave* 7.24 ee. 
of oxygen (calculated for Ag 2 0, 10.85 ee.; for Ag 4 0, 5.42 ee.) ; 0.0851 
grams of the second gave 4.55 ee. (calculated for Ag 2 0, 4.52 ee.; for 
Ag 4 O, 2.20 ee.). It is obvious that here also the black substance can 
not be silver suboxide and is presumably silver oxide mixed with a certain 
amount of silver. 

Till*: II HAT OF FORMATION OF KILYKIt OX1DK. 

We have now obtained the pressure of equilibrium af different tem¬ 
peratures between silver, oxygen, and a certain black powder. We have 
proved that this black powder is not silver suboxide, but that, at 502\ 
and presumably at the other temperatures as well, it has exactly the 
composition, Ag 2 <>. There still remains the possibility that this sub¬ 
stance, although of the same composition as the silver oxide which 
exists at ordinary temperatures, may be an allotropic phase. In other 
words, there may be a transition temperature between room temperature 
and the temperatures of our experiments at which a break in continuity 
of the properties of silver oxide occurs. This possibility must be 
eliminated before wo can safely calculate the decomposition pressure of 
silver oxide at 25° from the pressures at the higher temperatures. 
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In order to decide whether we are dealing with the same phase of 
silver oxide at high and low temperatures, we will determine from a 
change of the decomposition pressure between 302° and 445° the heat 
of decomposition of the silver oxide occurring at these temperatures, and 
compare this value with the one obtained at ordinary temperatures by 
other methods* 

The heat of decomposition may be found from the change of pressure 
with the temperature, by the aid of the equation of van’t Hoff, which 
in this case h m the form, 

dlnp __ Q 

#rf i It a) 

where p is the decomposition pressure, T the absolute temperature, It 
the gas constant, and Q the heat absorbed when 2-gram molecules of 
silver oxide decompose according to the equation, 

2 Ag 2 <) 4 Ag + 0 9 . 

Tliis equation of van ? t Hoff is not strictly exact, but is derived with the 
aid of two assumptions from the equation of Clausius, 

dp _ Q 

rfT T(v-V) (2) 

where v is the molecular volume of oxygen at the temperature T and the 
pressure p, V is the total change of volume of the solid system—that is, 
it is the volume of 2-gram molecules of silver oxide less that of 4-gram 
molecules of silver. Q represents the heat absorbed during the decom¬ 
position and may be replaced by the expression LJ + p (v —V), where U 
is the increase in internal energy accompanying the decomposition, and 
p (v — V) is the work done. In the integration of the van’t Iloff equa¬ 
tion IJ is usually regarded as constant, but since we are dealing with a 
pretty wide range of temperature we shall obtain a more accurate result 
by regarding it as a linear function of the temperature according to the 
equation 

r^U -UT (8) 

Where 0 is the diminution in the heat capacity of the system during the 
decomposition of two gram-molecules of silver oxide. We may therefore 
write in place of the equation 2, 

dp U.-CT4 p (v—V) 

df T (v— V). (4) 

in order to obtain equation 1 from equation 2 or 4, it is necessary 
to make two assumptions; first that the oxygen obeys the gas law, and 
second, that the volume V is negligible compared with v. Since the 
deviation of oxygen from the gas law is small at ordinary temperatures 7 


T Amagat (1. c.). 
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and it) undoubtedly much smaller at the temperature of our experiments, 
the first assumption will not load to any appreciable error. The second 
assumption would also be justifiable if it were not for the fact that 
in our experiments at 415° the pressure is so great, and consequently 
the volume v so small, that in comparison with it V is large enough to 
be considered. 

Regarding V not as a negligible but as a constant quantity and 
assuming that pv = RT, I have succeeded in obtaining the following 
integrated form of equation 4, 


In 


v u. 

f 1 _ 

1 \ V, 

( p '~ 


p, ‘ R 

It, r 

\'J ' R [ 

It, 

T J 


With the aid of this equation we are able to calculate from the decompo¬ 
sition pressures at any two temperatures the value of TT 0 . In order to do 
this we must know the values of Y r and C. The terms in which these 
quantities occur are comparatively unimportant ones in the equation and 
since both these quantities can he disregarded altogether without very 
seriously influencing the result, their approximate values will suffice. 

From the tables of Landolt and Bernstein we find for the densities of 
silver and silver oxide 10.5 and 7.5, respectively. Calculating from 
these the molecular volumes we get: approximately 20 co. as the value of V. 

The specific heat of silver oxide has not been determined, blit the value 
of C may be found from the principle of the constancy of the atomic 
heat in solids. The heat capacity of silver is doubtless approximately 
the same in the oxide and in the metal. C, therefore, is the difference 
between the heat capacity of oxygen in the gaseous and solid states. The 
heat capacity at constant volume of 32 grams of oxygen in the gaseous 
state is 5 calories per degree. The heat capacity in the solid state 
is about 8.°. Whence 0 equals 3. 

We will determine the value of U 0 in calories and therefore use for 
R the value 2.0, except in the next to the last term of equation 5, in 
which, if the pressure is expressed iu atmospheres and the volume in 
cubic centimeters, R must be expressed in corresponding units and given 
the value 83. 

We have three sets of experimental values (a) T ~ 445 + 273, 
p « 207; (6) T = 302 + 273, p = 20.5; (c) T = 325 + 273, p = 32. 
These may be used in equation 5 in pairs. Using values (a) and (5) the 

first term of the equation. In has the value 2.31; the third term, 


*Tlii» aquation may readily be verified by differentiating it. The resulting 
equation by suitable transposition and with the aid of tlic equation pv.^RT, 
can readily be shown to be identical with equation 4. Equation 5 may also be 
obtained by an independent method from equations (1 and 7 of my paper entitled 
“Law of Physico-Chemical Change.” (Zcit. Phi/*. Cham. (1001) 38, 205.) 

• See, for example, Ostwald’s Lehrbuch. 
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0.06; the? fourth term, — 0.11. Combining these, we get for the second 
term the value 2.36, whence U 0 is 13,600 in small calories. 

Using similarly values (a) and (c) wc find for IT 0 the same value, 
13,600 calories. 

From values (6) and (c) wc And U 0 = 13,300. r rhis value is to be 
given less credit on account of the nearness of the two temperatures used. 

Tin? remarkably good agreement between these values shows conclu¬ 
sively that we arc dulling with the same reaction throughout the whole 
range of temperature from 302° to 445 *. As final result we will take, 
U u = 13,600 small calories, or 136 K (Ostwald calories). From 
equation 3 the value of V at room temperatures is therefore between 
12? K and 128 K. This is the increase of internal energy accompany¬ 
ing the decomposition of 2-gram molecules of silver oxide. The heat 
of formation of silver oxide at room temperatures, exclusive of external 
work, is therefore one-half this value or (54 K. 

11 EAT OF FORMATION' OF SILVKH OXI OF, OTliKUWISK DETERMINED. 

For the heat of formation of silver oxide we find in the literature only 
two determinations which are at all trustworthy. Thomsen 10 allowed 
copper to act upon silver nitrate and from the heat of this reaction, the 
heat of formation of copper nitrate, and the heat of neutralization of 
silver oxide, calculated the heat of formation of the latter to be 59 K 
(a). .Berthelot 11 by a similar method obtained 70 Tv (b). 12 

In bis experiments on the energetics of galvanic elements, Jahn l:t 
obtained the following equation: 

Pb + 2 AgNO #l Aq = Pb (NO a ) a ,Aq + 2 Ag + 509 K. 

Let us combine this equation with the following: 

PbO + 2 HNOj,, Aq -rr Pb(NO t ) a , Aq + H,0 f 178K (Thomsen) 

Pb 4 O = PbO 4 503 K (Thomsen) 

Ag 2 0 4 2 UNO,, AqH,0 4- 2 AgNO„ Aq 4 104 K u (Berthelot) 
Whence 

2 Ag 4~ 0 = Ag 2 0 4“ 63 K (c) 

1U Mot having Thomsen** book at hand, the value* here attributed to him are 
taken from Ostwald's Lehrbuch. 

"Ann.dcChim. (1878) 15, 186. 

12 All these values are for the “total'* heats of reaction. 1 have chosen to use 
these values, which include the external work, since they are the ones commonly 
given in the literature. The reduction to the simple “internal” heat of reaction 
will be made later. 

** Wied. Ann . (1886) 28 , 493. 

“This value will be discussed presently. 
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Recently Jouniaux*" lias determined the conditions of equilibrium 
at several temperatures between silver, hydrochloric acid gas, silver 
chloride and hydrogen, and has thus obtained the thermo-chemical 
equation. 


UC1 (gas) + Ag — AgCl -f II + 71 K ,w 

Let us combine witli this equation the following equations of Kerthelot.: 

MCI (gas) -I- Aq 11 (i -t- 174 K. 

Ag -( Cl --- AgCl -i Aq ; 157 K. 

h Ag,0 -f li - Ag 4 H f O i- 52 K. 

II t-i() - i 11,6 -!• 345 K. 

Whence 

2 Ag + 0 •— 2 Ag, () 4- (>C K (d). 

.1 have measured the E. M. F. of the following cell, 17 

llg HgCl ; KCl^ . KNO,^ ; AgNO.,j* Ag 

and found it. to bo 0.421) — 0.001201, volts, where t is the temperature 
Centigrade. From these figures the Helmholtz equation gives Jig -j- 
C1 4- Ag = Ag -f- HgCl 4~ Aq -f- 175 K. With this equation we will 
combine the following: 

A Ag,0 4- H Ag : 411,0 |- 52 K M 
HgCl I-Cl HgCl, | 219 K" 

Jig 4- 2 Cl - HgCl, 4- 533 K 30 

Cl 4 4 11,0 4 Aq Cl 4 H I AO 4 50 K.=‘ 

Hence 

2 Ag 4- 0 ~ Ag,0 -f 74 K (e). 

10 C. K. (1003) 132, 1270. 

‘“ .I have added 3K to the value given by Jouniaux in order to obtain the “total” 
heat of reaction. 

17 The detuils will be given in the following paper. 

*" Thomsen gives 54 K, but Berthelot found 52 K by the neutralization of silver 
oxide by nitric acid (.4nn. dr Chim. (5) (1875) 4, 188), and also precipitation 
with alkalies {ibid (G) (1375) 4, 503) and has recently verified the value by 
new experiments (C. Jl. (1901) 133, 555). 

‘•This value was obtained by Thomsen from the direct action of chlorine upon 
calomel. It is in all probability correct, as it lias not been called into question 
in the critical work on mercury salts of Nernst (Zcit. Pliyn, Ohem. (1888) 2, 
22) and Varet (G. R. (1893) 120, 620 and 921). 

*° This value was obtained independently by both Nernst and Varet (1. c.). 
“Thomsen’s value is 50.5 K ( Pogg . Ann . (1873) 148, 177). Berthelot’s is 
48 K (O. R . (1889) 109, 546 and 590). Thomsen’s value is probably the more 
accurate. 
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We have thus found five independent values of the heat of formation 
of silver oxide, varying from 59 K to 74 K. These values all include 
the external work. In order to obtain the mere change of internal 
energy. 5 K must be subtracted from each of the above numbers. We 
have then. 


(a) 

56 

(ft) 

67 

(O 

66 

(.<!) 

63 

(O 

71 


The average of these values is til K, which happens to he precisely 
the value which we obtained in the preceding section. This very satis¬ 
factory agreement proves conclusively that the silver oxide which exists 
between 502° and 415° is, from a thermo-dynamic point of view, iden¬ 
tical with that which exists at ordinary temperature. 

«>■ 

DECOMPOSITION IMUCSSCUK OF S1LVEII OXIDE AT 25°. 

We are now able to calculate from equation 5 the equilibrium pressure v 
between silver oxide, silver, and oxygen at M 3 . As data we will take 
20.5 atmospheres as the pressure at 502°; <54 K as the heat of formation 
of silver oxide at 25° ; and for C the value 3, as before. The. third term 
of the equation containing \ r may he here neglected. We thus obtain 
Vn '* 4.0* 10 4 atmospheres. 

When we consider the question of how muc h this value is affected by 
possible errors in the data used, we find that errors in p ao2 and in C have 
much less influence than an error in V , rt . An error of 1 K in the latter 
would cause an error of nearly 2.p per cent in p 2Tl . In the following 
paper 1 shall show that from this value of the decomposition pressure of 
silver oxide at 25- it is possible to calculate the electrolytic potential of 
oxygen and that the value thus obtained differs very considerably from 
the one at present accepted. 

SUM MA1{ Y. 

The equilibrium pressures in the system, silver oxide, silver and oxygen, 
at the temperatures 502°, 325°, and 415° are* shown to be respectively 
20.5, 32 and 207 atmospheres. 

It is proved that no silver sulfoxide was present in any of the experi¬ 
ments and that probably it is incapable of existence at these temper¬ 
atures. 

From the change of equilibrium pressure with the temperature, the 
heat of formation of silver oxide is found to be (>4 K (Ostwald calories). 

The mean of five determinations of this quantity based on calorimetric 
data is likewise (?4 K. 

The decomposition pressure of silver oxide at 25 J is calculated to be 
about 4.0*10 — 4 atmospheres. 
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PHILIPPINE FIBERS AND FIBROUS SUBSTANCES: 
THEIR SUITABILITY FOR PAPER MAKING. 


iJy (iKOUtiK K. RICHMOND. 

(From the Chemical Laborultny, Hu ram of t$v inter.) 


HAW MATERIALS Foil CAIMCR MAKING. 

/ ntrodvilion .— From the earliest Kgvplinn papyrus to the paper of 
tn-day, tlio predominant. characteristic of this material is ihat if consists 
of the enduring portions of vegetable growth known as cellulose, although 
animal and mineral fibers such as wool, silk, and asbestos are occasionally 
employed. The art of modern paper making consists of uniting or felting 
together any fibrous material so as to form a continuous shoot. Linen 
or cotton rags arc no longer exclusively employed; indeed, these sub¬ 
stances at present, constitute but a small fraction of the raw material of 
the paper-making industry. Any vegetable matter possessing sutlicient 
fibrous structure can be utilized. 1 

Notwithstanding the great variety of available cheap materials, rags 
of various kinds continued to forin the chief substances for paper mak¬ 
ing both in Furope and America, until the middle of the nineteenth 
century, at which time they censed to he obtainable in sutlicient (juan- 
tiiies to supply the demand and paper makers began to search elsewhere 
for a cheaper and more inexhaustible material for their rapidly growing 
industry. In 185*1 wood-pulp was first used in the United States, and 

141 111 order to give sonic idea of the variety of materials from which paper can 
he and has been prepared, we may rite a book published in 1705 at. Regensburg, 
Germany, by .Jacob Schaelfer, the paper of which was made from about sixty 
different, sources, among which the following are curious and interesting examples: 
♦Sawdust, hop vines, hornets’ nests, pent, straw, cabbage stumps, moss, and thistle 
stalks.” ThorjMi: Dictionary Applied V'hernia try ,, 3, 105. 
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three years later Mr. Thomas Ron tied go introduced esparto grass into 
Ungland. The simultaneous introduction of wood and grass furnished 
the first important, sources of raw material for paper making and pro¬ 
vided the first evidence that perennial grasses are suitable for paper 
stock. 3 

It is interesting to note the direction which search for suitable paper 
materia) was taking when the adaptability of wood for this purpose was 
first discovered and also to predict the lines of future inquiry when wood 
no longer meets the demand. When, in 1861, all import duties in Great 
Britain were repealed, the resulting establishment of a vast number of 
weekly and daily papers and journals created so great a demand for 
paper and paper pulp that manufacturers were forced to supplement 
I lie imported Spanish and North African esparto grass with the cereal 
straws, but even these proved insufficient to meet the requirements and, 
as the prosperity of English paper mills appeared to be at stake, the 
demand seemed justified that the Indian bamboo forests be thrown open 
to private enterprise; accordingly, Mr. Thomas Routlcdge, a prominent 
paper manufacturer of Sunderland to whom the introduction of esparto 
is due, sent investigators to India to study the problem in that country. 
However, about this firne the manufacture of paper stock from spruce 
timber had been developed on the Continent, particularly in Germany and' 
Sweden, and supplies of this new material from those countries brought 
the much-needed relief; nevertheless, experiments were carried far 
enough to demonstrate that bamboo fiber is much superior to spruce 
for paper stock and there seems but little doubt that the bamboo-paper 
question eventually will be reopened. 

In America the evolution of raw material for paper making followed 
somewhat different lines. The transition from rags to wood was direct 
and was later followed by the use of straw in those regions far removed 
from the spruce forests. No recourse to perennial grasses or bamboo 
has thus far been necessary. 

For half a century wood-pulp has met the rapidly increasing demand 
.for paper stock. However, we are now confronted with the fact that 
the supply of this material will soon be exhausted, so that we are afforded 
a curious example of the manner in which t-lic development of an industry 
sometimes brings one back to the conditions of the beginning, although 
the new point reached, owing to the persistence' of scientific inquiry which 
was undertaken regardless of an utter lack of apparent practical benefit, 
is on a much higher plane. 

Until wood-pulp had been proven to he suitable for paper stock, the 
world’s supply of fibrous material was divided between the textile and 
paper industries, one being complementary to the other. Such vegetable 

•As alters of cotton and flax in the form of cotton and linen rags lmvo already 
undergone purification and have been subjected to processes of manufacture, they 
cun not, strictly speaking, be considered as raw materials. 
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fibers as cotton, hemp, jute, flax, and abaca are eminently suited for the 
manufacture of paper, but their primary value for textiles and cordage 
excluded their use in the raw state for paper and therefore, the paper 
makers obtained their material largely from the refuse of these industries. 
Good cotton and linen rags have become a luxury in the? paper-making 
world. They arc only indulged in now for making the best class of sta¬ 
tionery, and by fortunate coincidence, this is about I he only use to which 
they can be put. At first glance, wood might he considered too valuable 
for other purposes, but fortunately, those! varieties which find most favor 
for the making of paper pulp are considered rather worthless for the many 
other uses for which wood is usually employed ; furthermore, the demands 
of the spinner and cordage maker need not bo considered. Twenty or 
twenty-five years ago statements “that there is not the slightest ground 
for believing the supply of this raw material would ever fair* were com¬ 
mon in regard to wood as a material for paper making. The marvelous 
growth in the paper industry of the last two decades was not then fore¬ 
seen nor were the many other uses for wood-pulp, which modern ad¬ 
vances in the industrial world have brought about, taken into account. 

I\ IT. Clutterlmek, referring to the numberless uses of wood-pulp, 
writes: 8 

Printing paper alone eats an enormous hole in our natural forests yearly and 
the future requirements ean only be conjectured. The lingo procession of railway 
cars all over the country run, to some extent, on paper wheels; carpenters are 
beginning to use boards of paper, handsomely veined, requiring no planing, twice 
as durable as the wooden variety and costing only half the money. The builder 
is introducing paper bricks, showily enameled, which will not burn and possess 
many advantages over those of clay. The shipbuilder introduces masts and spars 
of the same substance, which is likewise used for telegraph and telephone poles 
ami flagstaffs. These are not fanciful experiments but serious business procedures, 
justified by superior durability of the* art tales so -produced. This same quality 
is claimed for the paper horseshoe recently invented and so extensively, used. 

Already, paper manufacturers in the United States art* looking for 
new sources of supply for raw material. A recent report of the United 
States Department of Agriculture 4 recommends thpt investigations be 
made on the suitability of new raw materials for paper and paper pulp. 

“Our well-known pulp woods are being used up faster than they are 
growing, and as a consequence, the demand for new material lias led to 
efforts to utilize many waste products among which bagasse or sugar-cane 
refuse, cornstalks, southern pine waste, rice straw, and hemp stalks 
present exceeding promising fields.” 

The United States Government recently has established a laboratory 
at Washington for investigations along them* lines, and Ibis fact em¬ 
phasizes the importance which the question is assuming. 

* P. H. Cutter buck: Indian Forester (1899), 25, 231. 

4 (J. S. Department Agrl.: The report of ike Chemist (1904). 
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PULP AND PAPER MAKING. 

During the nineteenth century there were remarkable changes and im¬ 
provements in the methods employed for converting paper stock into 
paper pulp and paper. These advances have been due to two causes—one, 
the revolution in the nature and supply of the raw material itself, and 
the other, the increased demand for the (inished product. The method 
of preparation of paper pulp or half-stuff has thus far largely been de¬ 
pendent upon the nature of the material treated, whereas the making of 
the pulp into finished paper in sufficient quantities to moot the marvelous 
growth of the industry has caused the laborious hand process to be super¬ 
seded by the? huge automatic machines of the present time. However, 
the principles involved in the making of paper remain* unaltered, regard¬ 
less of whether the material is removed from a vat with a small hand 
sieve and turned out a single sheet at a time or is allowed to flow on to 
an endless wire cdotli web under heavy rolls and over the steam-heated 
drying cylinders of a Fourdrinicr machine. Generally speaking, the 
purpose is just the opposite of that which obtains in the isolation of 
libers for the textile and cordage industries; instead of so treating the 
fibrous substance as to preserve the fiber bundles or filaments in their 
greatest length, it is necessary, by some mechanical or chemical means, 
to convert them into the individual fibers or cells of which the filaments 
are composed. 

There are five distinct steps in the preparation of paper pulp from any 
vegetable material. Two of these are entirely mechanical, whereas the 
remainder are of a distinctly chemical nature. Arranged in their order 
of procedure, they are: 

1. Cleaning ,—A purely mechanical process which consists in removing 
all foreign matter such as sand, dirt, weeds, chaff, etc., cither by hand 
or machinery. 

2. Moiling or digesting .—This results in eliminating the soluble plant 
constituents and incrusting matter by chemical means. 

3. Blenching consists in further chemically purifying the resistant cel¬ 
lulose by removing adhering coloring matter. 

4. Beating or refining .—This procedure mechanically disintegrates 
the pulpy mass of fibers into fragments of requisite length. 

r>. Loading , sizing, and coloring so modify the bleached and beaten 
pulp bv the addition of mineral or animal substances, that a nonporous, 
resistant surface of the required shade is given to the finished product. 

ROILING OH DIGESTING. 

At the present time there are two main groups of processes in general 
use for the isolation of paper cellulose, namely, the alkaline and acid 
treatments. The first and older method depends upon the action of 
solutions of caustic soda, soda ash, caustic lime, or mixtures of these 



chemicals, undor varying conditions of strength of solution, pressure, ami 
duration of digestion/’ Therefore it is evident that in valuing an un¬ 
known material for use us paper stock these differences need carefully to 
be considered. 

The second method for the resolution of raw fibers is of comparatively 
recent origin and consists in cooking them under strong pressure with 
sulphurous acid, either free or combined with soda, lime, or magnesia in 
the form of the bisulphites of these bases. The development of this 
process lias been slow, owing to the many mechanical difficulties involved, 
the strong chemicals employed attacking and soon rendering the digesters 
worthless. However, within recent years resistant digester linings have 
been invented and now this process is established as the leading method 
for the preparation of chemical wood-pulp. Comparatively little lias 
been done to show its adaptability to materials other than wood, but the 
process has so many features of superiority over the alkaline one that its 
application in the treatment of various other materials will be considered 
in a subsequent paper when work on the value of Philippine woods for 
paper stock will he reviewed/ 

Bleach,in(j of paper palp .—All fibers do not act alike with bleaching 
agents. Jute, for example, does not bleach white by any known method 
which does not also seriously injure the liber, while other substances 
require varying proportions of bleach liquor and special conditions of 
treatment to secure satisfactory results. Therefore, it is important to 
subject new, raw materials to quantitative bleach operations in order to 
determine the right method of procedure and the amount of bleaching 
powder required. The loading, sizing and coloring of paper are not 
materially affected by the source from which the pulp is derived and 
need only concern us here with respect to the kinds of chemicals in gen¬ 
eral use for these purposes and the possibilities of obtaining them in the 
local market. The question of chemicals for this and the other steps 
in the process of pulp manufacture is an important one and will thor¬ 
oughly he discussed in a Jator number of this journal. 

VKGKTABLK KHlKltS. 

Botanical classification of /iber-prodneinfj plants. — Fiber plants are 
included in two great divisions of the vegetable kingdom—i. c., Dicotyle- 

° Esparto grass is invariably subjected to the alkaline method of treatment, but 
the pressures carried vary from 5 to 50 pounds, the time of digestion from one to 
six and one-half hours* and the strength of the caustic liquor from 10 to 20 per 
cent, calculated upon the gross weight of the material. 

" “On account of the considerable proportion of silica present in straw, it has 
generally been assumed that this material would not easily lend itself to treatment 
by the sulphite process. Practical expbrionce has, however, shown thut this is 
not the ease, and this process has recently been applied to the preparation of 
straw pulp with excellent results.” Gridin & Little: Vhem. of Paper Making, 101. 
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clous and Monocotyledons. The most evident characteristic of these two 
great divisions of plants is found in the arrangement of the leaf veins. 
Dicotyledonous plants are characterized by netted-veined leaves, whereas 
the monoeotylfidonous ones may usually be identified by leaves with 
parallel veins. The chief fiber-yielding families of the first division arc: 

JAnacew; Flax family; example, flax. 

Mfdvacew; example, cotton. 

Tiliacetv; example, jute. 

Urticacece or nettle family; example, hemp. 

Moracew; example, mulberry. 

Of the second division the Graminea; or Grass family, Liliacew, 
Palma:, or Palm family, and Musacetv or Plantain family are the more 
important orders of fiber producers. While a number of netted-veined, 
fibrous plants such as ramie and jute are distinctly tropical in habitat, 
only a few unimportant species are found in the Philippines, and hence 
it appears that families of Monocotyledons are the only ones represented 
by plants of commercial importance in these Islands. 

Structural classification .—With the exception of fibers like cotton, 
kapok, etc., which are unicellular seed hairs and termed surface fibers, 
practically all fibers may structurally be classified according to the two 
main groups of families from which they are derived. The dicotyledon¬ 
ous plants produce the so-called bast fibers , contained in the inner fibrous 
bark of stems and twigs, while on the other hand the commercial fibers 
of monocotyledonous plants are generally found distributed throughout 
the entire stern, where they form the framework which gives rigidity and 
toughness to the plant structure, and hence they are termed structural 
fibers. Such fibers occur in the sheathing leafstalks of plantains, in the 
fleshy leaves of maguey and pineapple, and in the leaves and stalks of 
palms and grasses. 

Economic classification .—A descriptive catalogue of the useful fiber 
plants of the world by 0. R. Dodge 7 enumerates over one thousand species, 
the more important of which arc fully described and treated from the 
botanical, structural, and industrial standpoints. His classification of 
fiber plants based on their uses is both so simple and natural that we 
incorporate its main features, at the same time drawing on local fiber 
plants for illustrating the numerous divisions of the scheme: 

A. Spinning fibers. 

1. Fabric fibers; pineapple, a bat* A, ramie, etc. 

2. Netting libers; palms, rattan, bamboo. 

3. Cordage fibers; nbaefi, maguey, bamboo, rattan. 

lb Tie material (rough twisted). Palms, rattans, bamboos, grasses. 

C. Natural textiles. Fibrous sheaths of palms. 

T). Itrush fibers. Palm fibers, bamboo. 


1 Rejiort No. 9, tJ. S. Department of Agriculture. 
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E. Plaiting and rough weaving fibers. 

1. Ai tides for attire; hats, sandals, etc. Abacfi, palms, bamboo. 

2. Mats and mattings; also thatch materials. Grasses, bamboos, palms, 

etc. 

F. Forms of filling . Kapok, straw, grasses. 

U. Paper material . 

1. Textile papers. All waste from A, including old rope. 

2. Bast papers. 

d. Palm papers. From the fibrous material of palms and similar niono- 
cotyledonous plants, including rattans. 

4. Bamboo and grass pajwjrs. This includes all material from gruniimi* 

coons plants, including bamboos, cereal straws, and true grasses. 

5. Wood pulp papers. Philippine soft woods, Launn {Chorea), Cupang 

{ParIda), Grcwia , etc. 

It will bo soon from this sohoino of classification and from the native 
plants selected to exemplify each division of use, first, that a compara¬ 
tively small number of plants supply fiber for all the present require¬ 
ments; for instance, plantains, grasses, bamboo, rattan, and palm fiber 
are made into fabrics, fish nets, luits, baskets, mats, twine, rope, thatch, 
brushes, and brooms; second, that those plants which find such general 
use are without exception monocotyledons and their libers arc of the class 
termed structural; third, that with tin* exception of maguey and pine¬ 
apple they are either plantains, grasses, or palms; fourth, that, leaving 
out of consideration native woods as a possible source of paper stock, the 
available supply of material for any future paper industry in the Phil¬ 
ippines must come from one or more of these three sources. 8 

Chemical examination of raw material .— In making n study of an 
unknown, fibrous substance with the view of determining its possible 
utilization for paper stock, the three most important points to be consid¬ 
ered are, first, its cellulose content, namely, the percentage of pulp which 
a given raw material will yield; second, the ease with which it responds 
to the ordinary cooking and bleaching processes necessary for its con¬ 
version into paper pulp; and third, the physical characteristics of the 
individual fibers—that is, the nature of the fiber bundles and the 
dimensions of the ultimate fibers of which they are composed. If the 
above information is favorable—namely, if the raw material is relatively 
high in resistant cellulose; if it is easily reduced and readily bleached, 
taking into account the strength of liquors required; if the ultimate fibers 
are found to he long and thin, with tapering, curly ends—then the ques¬ 
tion of distribution, availability, and cost of collection of that raw 
material is well worth careful consideration. While a quantitative deter¬ 
mination of cellulose on a 5-gram sample of material affords some basis 
for estimating the amount of paper pulp it will produce, the results thus 

"Maguey culture i« rapidly increasing in northern Luzon, and the waste from 
the stripping of the* plant may become an important factor in paper making. 
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obtained 0 are invariably much higher than those recorded in the factory, 
where much loss of fiber due to the practical, time-saving methods in 
vogue, is inevitable. Furthermore*, many raw materials—abaca wustc, 
for instance—are of such a nature as to render the taking of a small, 
representative sample practically impossible. 

The method adopted in the laboratory for determining the percentage 
of cellulose or paper pulp is that used on a larger scale in the factory— 
i. e., severe alkaline digestion at elevated temperatures. It is also true 
that the ease with which the cellulose may be obtained can only properly 
be established by direct experimentation under factory conditions. To 
meet these, we hud constructed a model digester of sufficient capacity to 
accommodate several pounds of material and so arranged that it could be 
converted for use with alkali or sulphite liquors, with the necessary steam 
and temperature gauges for carrying out digestions at elevated pressures. 

Proceeding with the chemical examination of a given fibrous substance, 
there are other questions to be determined before the value of a raw ma¬ 
terial as a source of paper stock is fully expressed. Besides knowing the 
proportion of paper cellulose contained in the material to he considered 
and the ease with which it may be isolated, it is necessary to form some 
idea of its chemical nature—i. e., its general composition and behavior 
with hydrolytic and oxidizing agents—for on such knowledge our ideas 
of the purity and stability of the manufactured product are based. 

PHILIPPINE FIBER8. 

In looking over the field for suitable material for purposes of study, 
our attention was first directed to abaca, or Manila hemp, as it sometimes 
is termed. This plant is a species of wild banana of which there are 
several indigenous to, or introduced into, the Philippine Islands, and, 
as is well known, so-called Manila paper lias long been made from worn- 
out ropes of this fiber. Its superior quality for the manufacture of 
special kinds of paper where strength is the desideratum is well demon¬ 
strated. 

According to the Twelfth Report of the United States Census, Amer¬ 
ican paper manufacturers purchased approximately 100,000 tons of so- 
called Manila stock for use in their mills; the approximate cost was 
$2,500,000, or $25 per ton. This stock was made up of old, worn-out 
rope, gunny sacks, waste thread, and binder twine, and it includes jute 
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butts ami waste, lings, which the world over are considered to be the 
finest material for paper making, do not command a much greater price. 
In the same census year (1900) 234,000 tons of rags valued at $G,000,000, 
<*]ual to about $28 per toil, were used. Statistics also show an annual 
output of 90,000 tons of' Manila wrapping paper valued at $00 per ton 
ami 201,000 Ions of “bogus’’ Manila paper made from wood, rated at 
$9,150,000, or $15 per ton. A large proportion of the so-called Manila 
wrappers, paper,, and envelopes contain mechanical or ground wood, 
which causes such articles to deteriorate and to turn brown with age. 
(!. E. Marshall, of Turners Falls, Massachusetts, has patented a process 
for giving the characteristic: color of Manila stock to wood-pulp and 
such attempts at imitation and adulteration show very conclusively the 
repute in which real abaca stoc k is held. 

Abaca waste ,— It has been observed for a long time that much liber is 
lost in the ordinary hand processes for isolating the cordage: liber from 
this plant, and, in 1887, sonic of this waste from abaca was sent to Messrs, 
(lonzales Sons, of Barcelona, Spain, who reported as follows: 

Observations much* in tin? course of fabrication permit us to nllinn roundly 
that abaca waste as raw material for tin* manufacture of paper is not only util- 
izable but surpasses esparto and licinp, and, in its treatment for conversion into 
pajH»r, excels rags and other material known in the industry. 

In 1888, Sr. D. Jose Jorduna published a small pamphlet entitled 
“El Abaca/’ containing a specimen sheet of paper made from abaca 
waste and also a section devoted to the application of this material for 
the manufacture of paper, from which the following brief extract is 
taken: 

As with all vegetable filaments, excellent pajier can l»e made with nbacfi, even 
though this use is not made of it on account of its greater value as a textile. 
The waste which remains after removing the pulpy envelope could also be used 
for this manufacture. This envelope is left in the fields in its entirety, where it 
serves only as fertilizer for the plants; and on account of the imperfections of 
tho method of extraction the ijiiaiitity of this is so great that it exceeds 75 per 
cent of the total of the solid part harvested. In any case, industry and commerce 
should give attention to this matter. The abundance, cheapness, and excellence 
of a raw material arc guaranties of all industrial enterprises, and this condition 
is found to-day in abaca waste. 

In 1904, a quantity of this waste material was sent to the Everett Pulp 
and Paper Company, of Everett, Washington, II. S. A., for further 
opinion as to its adaptability for paper manufacture. Through the 
courtesy of the Bureau of Agriculture of the Philippine Islands we give 
the chemist’s report: 

The waste as received was very dirty, and could not be used in the way wo 
now treat our wood, hut would have to lie passed through a duster or “Devil/* 
such as is used for very dirty rags, onkuui, rope, etc. It may lie possible in col¬ 
lecting this material to avoid a large part of this dirt. 
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The waste was submitted to the same process as the wood now being used, 
except the caustic-soda solution was one-half the strength, the time of digest¬ 
ing four and one-luilf hours, the pressure 100 pounds, and 325° Fahrenheit 
temperature. 

The cooking was done by indirect steam—that is, the heat was produced by 
a steam coil in the digester, and not direct steam as we use it. 

The fiber reduces very easily, and, after being washed in hot water, bleaches 
to color of sample, with the same amount of bleaching powder as required by 
the wood pulp. 

The loss in the process from the dry, crude material to the dry, bleached pulp 
is 64 per cent, or, the crude material will produce 36 per cent by weight of fiber 
ready for the beater. 

Under the microscope the fibers are long, slender, and smooth, tapering to a 
point at the ends; some have small hairs on the sides. 

The blenched filter contained 6.8 per cent ash, while wood fiber has less than 
2 per cent and in most instances when well cooked has only 0.3 per cent. 

This however, does not detract from the value as n paper-making material. 

Owing to the smull amount of material received, it has been impossible for 
me to try any experiments along the line of obtaining the same results by the 
use of cheaper chemicals. It might be possible to do the work with a solution 
of lime, the same us straw is treated. 

In my opinion this aimed waste can lie reduced to a fine, silky filler, suitable 
for the best of paper, making a sheet equal to the best linen, or without being 
bleached, made into a light-gray wrapping paper, which would excel in strength 
any paper on the market. 

In the meantime, the Bureau of Agriculture of the Philippine Islands 
conducted a series of experiments in stripping abaca by the customary 
hand process for the purpose of determining the relative amounts of dry 
cordage fiber saved and dry fibrous waste lost. 10 
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Thu importance of the above data because they seriously influence our 
judgment, of the supply of this waste material, justifies their repetition, 
particularly as wc also subsequently desired to learn the effect of machine 
stripping on stalks under the same conditions. The following table gives 
a comparison between the hand and machine stripping processes; the 
stalks used were from Paete, Laguna, and had been harvested about two 

™ Report of H. T. Kdwards. Fiber Expert, Bureau of Agriculture, Manila, 
P. I. (1904). 
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weeks before the tests were made. The results arc averaged from ten 
stalks: 


Weight. 

Hand 

stripped. 

Machine 

stripped. 

Oreoi) Ntnlk__ kil oa 



Green fiber ___.. _ _ ,| w 



Dry fiber---- _ ,i„ 

. ir>o 

• IH7 

Green fibrous waste. 

do 

.278 

. 190 


Dry fibrous waste ... . 


.63* 



Percentage of dry waste per stalk.. 

Percentage of dry fiber i»er stalk ___ 


. — - 

1.00 

4.M 

.821 

1_ _ 1 


Explanation of results. .In order to explain the data recorded in the 

above table it is necessary to describe the manner in which tlie stalks 

were prepared for the two methods of treatment. For the hand strip¬ 

ping, about, one foot of each end of the stalks was chopped off to facilitate 
the removal of the petioles, and three or four of the outer ones, which 
were bruised and discolored, were also disearded. Then, two or more 
ribbon-like strips were peeled from the entire length of the outer surface 
of each layer of the remaining portion of tl\p stalk. Only these thin, 
fibrous ribbons were subjected to I lie stripping process. All the cellular 
portions of each petiole, together with the outer sheathes and the cut 
ends, were disearded. These constitute a class of waste distinct from 
that which results from the stripping operation itself. For reasons which 
will appear later, this waste is designated as semi/ibrous in distinction 
from the genuine fibrous material collected under the stripping knife. 

In the case of the machine-stripped fiber, the stalks were prepared by 
first removing the ends and outer petioles, as in the method mentioned 
above, but the remainder was cut lengthwise into sections of the requisite 
width and then fed directly into the machine, without any attempt being 
made at the separation of the fibrous from the cellular portions. lienee, 
the <>M5 grams of dry waste which remained represented the quantity pro¬ 
duced by the actual stripping process and must, directly be compared with 
the lfifi grams of dry, fibrous waste obtained by the other method. The 
machine removed so much water from the waste that its weight in a 
green state would have afforded no value for comparison; therefore it 
was not determined. 11 

The machine employed for this test was still in an experimental stage, 
lienee the results obtained do not afford reliable data as to the possible 

11 Concerning the percentage of mercantile fiber produced by the two different 
methods of stripping, it will he observed that only 114 grams per stalk were oh- 
tained by machine stripping, ns compared with HH) grains [H»r stalk by ha ml 
stripping. However, it is only fair to state that the machine-stripped fiber was 
of better quality, being more polished and drier, as the comparative weights of 
green and dry filler show. 
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effect of machine stripping on the future supply of abaed fiber and waste, 
but it was the only opportunity which has thus far presented itself for 
obtaining even approximate information in regard to this question. This 
machine waste contains a large amount of fiber of value to the paper 
maker and the quantity of waste demonstrates the fact that, whereas 
the outer surface of the leaf petioles undoubtedly contains the strongest 
fibers which are so valuable to the eordage maker, the cellular portion of 
the petioles also contains much fiber which is entirely lost by the lmnd- 
stripping process. 

Semi-fibrous waste .—No determination of the percentage of the semi- 
fibrous waste, above referred to, was made* at the time the stripping 
experiments were conducted. Later, an approximate determination of 
the amount produced by a given stalk was arrived at in the following 
manner: A complete stalk of abaca, weighing 15.871) kilos, was chopped 
into small pieces and subjected to hydraulic pressure. Tilt* dried residue 
weighed 1.592 kilos, so that the original stalks contained 10 per cent of 
vegetable matter and 90 per cent of water, calculated on the gross weight. 
In the catp* of the band-stripped stalks only per cent of these solids 
is accounted for. This loss of nearly 80 per cent, or four-fifths of the 
total solids of the stalk, caused us to collect and dry some of this waste 
material for a determination of its cellulose content. These and all 
subsequent digestion experiments were conducted on 1-kilo lots of dry 
material. 

Experiment Xo. /.--Strength of the caustic soda liquors, 2 per cent; 15 per 
cent of caustic soda calculated on dry weight of material treated; pressure, (1-8 
atmospheres; time, 8 hours; yield, 55 per cent; digestion, incomplete; residue, 
brown and coarse and only fit for cheap, colored wrappings. 

Experiment Xo. 2 .—-Strength of liquor, 5A per cent; 25 per cent caustic soda 
calculated on dry weight of material; pressure, U-8 atmospheres; time, 8 hours; 
yield, 20.5 per cent; apparently well digested; light-gray residue. 

Experiment Xo. 3 .—(Strength of liquor, 5 per cent; 45.5 per cent caustic soda 
calculated on dry weight of material; other conditions same as above; yield, 20 
per cent. 

From the above results wc see that this waste is scini-fibrous. The time 
required, the pressure, and the strength of the caustic soda necessary to 
remove the cellulose portions of this waste will undoubtedly prohibit its 
use. No further experimentation with this material was made. For 
the manufacture of wrapping paper, where color is not so important as 
is strength and cheapness, the waste could be lime-boiled under pressure, 
and hut partially' bleached, as is done with jute. 

Fibroin ( waste .—The waste material, which results from the present 
method of extraction of the fiber for cordage and textile purposes, con¬ 
sists essentially of broken, tangled, but clean, fibers mixed with strips or 
bands of fiber aggregates, from which the cellular and incrusting matter 
has not entirely been removed. Its cellulose content varies, being of 
course dependent upon the amount of these soluble constituents which 
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are present. The readiness with which it. is reduced to the condition of 
paper pulp, the kind and strength of chemicals required, and the time 
necessary for proper digestion likewise depend on this same factor. The 
fibrous waste was prepared for experimentation in much the same man¬ 
ner as old rope or rags are treated—namely, it was cut by hand into short 
pieces, thoroughly cleaned from all adhering sand and dirt and digested 
with caustic-soda liquor at elevated temperatures. The residues were 
drained and washed with hot water until they were free from alkali and 
the washings were colorless; they were then dried to constant weight in 
a water-jacketed air bath. 

Experiment Mo. 1 .—Strength of liquor, 2 per cent; 17 per cent caustic soda 
calculated on weight, of material digested; pressure, (V-H atmospheres; time, 4$ 
hours; yield, 3(5.65 per cent; residue, brown-gray in color, not entirely free 
from cellular matter. 

Experiment Mo. 'it .—Strength of liquor, 3J per cent; 25 per cent caustic soda 
calculated on weight of material; pressure, 0-7 atmospheres; time, 4J hours; 
yield, 32.84 jH?r cent ; well-cooked pulp of a light-gray color. 

Experiment Mo. 3.- Strength of liquor, 3f per cent; 30 per cent caustic soda 
calculated on weight of material; pressure, <1 7 atmospheres; time, 5 hours; yield, 
31.7 per cent. 

Experiment \o. -Strength of liquor, 43 per cent; 40 per cent caustic soda; 
other conditions same as No. 3; yield, 31.04 p<*r cent.. 

Experiment Mo. 5 .—Five per cent liquor; 45A per cent caustic soda; other 
conditions same as nlxne; yield, 31.51 per ecut. 

The waste employed in the above experiments was obtained from a 
mat'll ine-stripping process. Hr Terence to the table on page 1 13 shows 
the relatively high perrentnge of dry machine waste as compared with 
the hand-stripped article. This explains the low cellulose content ob¬ 
tained. The experiments bring out the following points: 

First. Two per emit liquor is insufficient with tin* pressure and time 
employed. 

Second. Three and three-fourths per eeht liquor is as oilieieut as the 
stronger concentrations. 

Third. The gradual but constant lowering of the yield in experiments 
d, 4, and 5 is due to the* fact that tin* stronger liquors attack the cellulose, 
but pressures of 41—7 atmospheres may safely be employed because, under 
those conditions, the solvent action is very slight. 

The conditions of time, pressure, and strength of caustic soda which 
give the best results arc* approximately one-half of those employed in the 
manufacture of wood pulp hv the soda process. 

A second series of Jive digestions was made on abaca, waste resulting 
from the hand process of extracting the fiber. Tins preliminary prepara¬ 
tion of the material was the same as in the preceding experiments. In 
each ease a 3£ per cent caustic, soda solution was employed, 25 per cent 
caustic calculated on the weight of the material digested. The pressure 
was held for five hours at (5 atmospheres as a minimum and 7 atmospheres 
as a maximum. The yields were 38.89, 41.(59, 42.59, 42.G(5, and 42.14 
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]ht font, respectively. The resulting pul)>s were of a light-gray color 
and devoid of the harsh feel which cornea from insufficient cooking. 

For purposes of comparison, two specimens of old Manila rope, 
representing the extremes of quality of such material for paper manu¬ 
facture, were examined. 

Preliminary treatment .—The pieces of rope were, cut down and thoroughly 
cleaned and dusted as is the practice in mills where sueli material is used. 

Specimen No. 1 .—A good grade of 1-ineh rope but badly frayed and worn; lost 
21 per rent in cleaning. 

Experiment No. 1 .—Strength of liquor, 3A j>er cent; 25 per cent caustiq soda 
calculated on weight of material digested; boiled ft hours at 6-8 atmospheres; 
yield, 01 per cent, equal to 48.7 per cent calculated on the original weight of 
rope. 

Specimen No. 2. A very dirty one-half inch rope of native manufacture, con¬ 
taining some unstripped strands of abueft; lost 21.82 per cent in cleaning. 

Experiment No. 2. All conditions of digestion same as above; yield, 43.80 
per cent, equal to 34.31 per cent pulp, calculated on original weight of the rope. 

Depletion of the land by removing abaca waste .—It is a fundamental 
principle of modern agriculture that all straw grown on a farm should 
be returned to the soil, and this applies to such by-products as cornstalks 
and sugar cane as well. The following analysis shows the comparatively 
low fertilizing value of abaca waste, so that its removal from the land 
in a dry state would not effect any appreciable loss of plant; foods: 


Total nitrogen 

Per c'aiit. 

0.52 

Total phosphoric arid (l* 2 O r >) 

0.046 

Potash as K./) 

0.661 

Lime (OaO) 

0.238 


Tt. w r as shown on page 444 that 90 per cent of the green weight of an 
abaca stalk is represented by juice. This, on evaporation, was found to 
contain 2.62 per cent of solids or 27ft grams from 1ft. 876 kilos of stalk. 
A fertilizer analysis of this solid matter, obtained by evaporating the 
expressed liquid, was made bv Mariano Vivencio, of this Bureau: 

Per cent. 

Total nitrogen 0.40 

Total phosphoric acid (I* 9 0&) 1.8ft 

Potash as K a () 30.5ft 

The presence of nearly 1 per cent of available potash in the juice is 
noteworthy because it shows the inorganic constituent needed by the 
growing plant and indicates the proper treatment for depleted abaca 
lands. Good wood ashes, the cheapest ami best of potash fertilizers, 
contain on an average only ft per cent of available potash. The juice 
from the stalks should therefore be returned to the land. 

BLEACHING. 

The operation of bleaching paper pulp as it is practiced under factory 
conditions, where time is the important factor, is difficult to approximate 
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in the laboratory. However, quantitative bleaching experiments allow 
of considerable accuracy and should afford fairly reliable data for com¬ 
parative purposes under practical conditions. 

Bleaching powder (chloride of lime) is used almost to the exclusion 
of all other agents, so that it alone need he considered. This chemical 
is usually applied in the form of a clear solution of approximately 5° Be. 
strength (specific gravity, 1.036), made by disintegrating the powder 
in water and clearing it by allowing it to settle or by filtering. The 
amount of bleaching powder necessary to produce the required shade 
depends on several factors, chief among which is the completeness of the 
previous treatment—that is, the removal of the nonce] In lose. 18 The kind 
of fiber to he bleached also materially affects the amount of bleaching 
agent required. It is the practice to base all calculations as to quantity 
upon the amount of bleaching powder required to bleach 45.4 1:4 kilos of 
the original fiber. The quantities in general use for this weight of 
different fibers are stated as follows: 

Kikw." 

Rags (cotton and linen filter) 0.007- 2. 208 

Straw 3. 175- 4.53 

Esparto 4.63 - H. SO 

Wood 5.44 -11.34 

Jute and Manila 4.53 - 9.07 

The pulp is bleached either in (he heating machine or in large chests 
termed “plotchers.” The exact procedure varies in the different mills, 
but time-saving devices and schemes arc quite generally employed—that 
is, acid is added to hasten the blenching action and artificial heat; is 
'supplied for the same reason. The following details of procedure, 
adopted for quantitative bleach experiments on abaca, apply as well to 
all the other fibers studied. It will he noted that all digestion experi¬ 
ments were performed on 1-kilo lots of raw material. This furnished 
in most instances about 450 grams of pulp. The washed, dry residues 
were repulped by beating or shaking with a definite volume of water, and 
a clear solution of bleaching powder of known strength was added, slightly 
in excess of the amount required to produce a good white. In some 
instances the operation was performed in a model beating engine of the 
Hollander type of about one-lmlf kilo capacity, but most of the bleaching 

«A well-boiled pulp should contain INI to 96 per cent of cellulose that is, 
will lose from 5 to 10 per cent in weight in the. process of bleaching. Crass and 
ttevnn : Text-hook on Paper Making , 100. 

,B 100 pounds. 

u 2- 5 pounds. 

7-10 pounds. 

10-16 pounds. 

12-26 pounds. 

10-20 pounds. 
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was done? in 3-gallon glass jars provided with mechanical agitators. The 
experiments were conducted at ordinary temperatures (about 30° C.), 
and no attempt was made at "souring” by means of acids or of otherwise 
accelerating the action. The endeavor was rather to obtain a slow, 
regulated process which involved the least injury to the cellulose and a 
maximum yield of bleached pulp. After a good, white appearance was 
obtained to the beaten pulp, the stuff was filtered and the residual avail¬ 
able chlorine determined by titrating an aliquot portion of the filtrate 
with a standard solution of thiosulphate. The filtering and washing 
of the bleaehed cellulose was performed by means of suction, a large 
Buchner funnel with small perforations, proving a very efficient mold 
in which to wash and press the pulp into discs for a final weighing. 

BLEACH I XU ABAC A PULP. 

Experiment A 'o. 1 .—Tin? dry residue from digestion No. 2, page 445, amounting 
to 528.4 grains, was placed in the engine and beaten to a homogeneous mass with 0 
liters of water, then 2A liters of clear bleaching powder solution, strength 2.35 per 
cent, available chlorine (approximately 10° Be.) were run in and the stirring 
continued until the pulp was of a light erciiui color. At this stage 100 cubic 
centimeters of the liquor required 31 cubic centimeters of N/10 thiosulphate, 
equivalent to 0.11 gram of ehloritte, or to 12.1 grams of residual chlorine in 
the entire liquor. The amount, of chlorine added (2A liter* of 2.35 per cent 
chlorine solution) was 58.75 grams. The difference between this quantity and 
the 12.1 grains remaining at the end of the bleach, amounting to 10.05 grams, 
represents the amount used in hleaehing 324.8 grams of pulp or 1,000 grams 
of original waste. This is 14.2 per cent of chlorine, calculated on the weight of 
pulp, or 4.00 per cent calculated on the weight of the raw material originally 
taken. Using hleaehing |M>wder of 35 jmt cent available chlorine as a basis for 
calculating into terms of general usage, the above results are equivalent to 
14.2 per cent of powder. 15 The dry, bleached residue weighed 304.4 grams, so 
that, there was a loss of 7.3 per cent in the hleaehing operation. 

Experiment No. —The residue from digestion No. 3, page 415, weighing 
317 grams was employed. A bleach liquor of much less strength (1.05 per cent 
available chlorine, approximately 3J° 1W.) was used, otherwise the conditions 
were the same as in the preceding experiment, 'the amount of bleaching powder 
required was 12.22 10 per cent of (he raw material. The dry bleached residue 
weighed 207 grains, so that there was a loss of 0.4 |>er cent in bleaching. 

CHEMICAL INVESTIGATION OF JfLIUtOl’S SUBSTANCES IN GENEHAL. 

Tin? schemes which have been used for the analysis of fibrous substances 
and the methods adopted for valuing unknown raw materials for paper 
stock are substantially those of Messrs. Cross, Bevan, and King, whose* 
valuable works on fibers, 17 cellulose, 18 and paper making 111 stand 

1B 13.33 pounds per hundredweight of waste. 

,n 12.2 pounds |H*r hundredweight of waste. 

11 Indian Fibers and Fibrous Nubs tuners (1887), London, Spon, E. and F. N. 

18 Cellulose (1805), 1/Oiidon, T/mgmans, Green & Co. 

19 Paper Muhiny (1000), London, K. & F. N. Spoil. 
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preeminent in this interesting Held of chemical research. The principal 
scheme of analysis used by these chemists is briefly, jus follows: 

Moisture-Hygroscopic water, or water of condition. 

I.oss on drying at 100° (\ 

Ash ......... Total residue left on ignition. 

Hydrolysis (a) _ ....Loss of weight on boiling raw fiber five 

minutes in l per cent solution of caustic* 
soda. 

Hydrolysis (ft) -Loss of weight, on continuing to boil one 

hour. 

(•ellulose-White or bleached residue from following 

treatment: (I) boiling in 1 j»er cent solu¬ 
tion of caustic: soda five minutes; (2) 
exposing to chlorine gas one hour; (3) 
boiling in basic sodium sulphite, 2 per 
cent solution. 

Mercerizing .Loss on treating one hour with 33 per cent 

solution of caustic soda, cold. 

Nitration .....Weight of nitrated product obtained by 

treatment with a mixture of equal vol¬ 
umes of nitric ami sulphuric acids one 
hour in the cold. 

Acid purification Haw fiber boiled one minute with acetic: 

acid (20 per cent) washed with alcohol 
and dried. 

Carbon jiercentage Determined by combustion. 

This method of study is of vulue in that it gives results which are 
dependent, upon definite properties of the fiber substance, but. it is more 
extended Ilian is required for special or more practical purposes, there¬ 
fore it lias been restricted to our wants and also modified in some 
respects. 

Moisture. —As is well known, all celluloses under normal conditions 
eon tain a certain amount of moisture which is termed “water of condi¬ 
tion,” which is quite definite for each liber, although it varies within 
limits which are dependent upon the hvgrometrie stale of the atmosphere. 
It is characteristic of abaca waste that it readily absorbs moisture and 
in an ordinarily dry condition holds from 11 lo 1 •! per cent, but during 
the rainy months the water content was found to reach a maximum of 
IS per cent. This hygroscopic moisture is a factor of some importance 
in the buying and selling of fibrous substances either in the raw state 
or as paper pulp. It is customary to decide on some arbitrary percentage 
as representing the moisture normally present. The standard used 
varies with different countries and with different kinds of material. 
With wood-pulp, in which there is considerable commerce, 10 per cent 
is usually taken us representing the moisture normally present. 

4*2210-2 


Separate portion 
taken for each 
determination. 
(Resultw calcu¬ 
lated in per¬ 
centage of dry 
HubHtance.) 
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Graffiti and Little *' give the following method for calculating the percentage of 
air-dry material: A representative sample of the substance to he tested is dried 
in a water-jacketed air bath at 100° to constant weight. The loss in weight rep¬ 
resents the moisture in the sample and is calculated into percentage, the differ-, 
cnee lietween thiR figure and 100 giving the percentage of absolutely dry fiber. 
On a 10 per cent basis every 00 parts by weight of dry material is equivalent to 
100 parts of air-dry substance.; on this basis, dividing the percentage of dried 
material formed by 00 and multiplying the quotient by 100 gives the percentage 
of air-dry substance. 

Example: A sample of waste lost 15 per cent on drying, then 85 per cent 
represents the dried fiber; if the standard is 10 per cent, then 85/00 X 100 = 94.4 
per cent, 21 or the percentage of air-dry fiber actually in the amount of material 
paid for on a 10 per cent basis. 

The effect of this water of condition on commercial dealings in fibrous 
products is emphasized when values arc considered. In the delivery of, 
sav, 2,272.7 kilos of material at 4.4 cents per kilo, 22 the difference is 
127.2 kilos or $5.60. 

Ash. —“The ash in isolated fibers is low, viz, 1-2 per cent; in fiber 
aggregates it is often high—thus, in esparto and straw from 3 to 6 per 
cent—and should be taken into account in calculation of yields or loss of 
weight.” 38 

I have found several samples of rice straw to average 18 per cent of 
mineral matter; but this is an extreme case. Griffin and Little give 
the range from 3 to 7 per cent, or in exceptional cases as high as 12 
per cent on the dry straw, and further add that the strongest straw 
yields the most ash. 

Alkaline hydrolysis. —“This is obviously the first stage toward the isola¬ 
tion of cellulose. When the numbers obtained for the short period (a) 
and for the long digestion ( h) show a marked difference, it is an obvious 
general indication of low paper-making quality.” 24 

Cellulose .—Cross and Bcvan’s chlorination method gives the maximum 
theoretical yield. Various other available methods give figures which 
arc 2 to 5 per cent lower, hut in comparison they consume much time. 
All the cellulose determinations recorded in this paper have been made 
on the residue from hydrolysis ( h) which yields results more nearly in 
accord with other methods, at the same time avoiding their tediousness. 
After this preliminary discussion of methods and their meaning, the 
results of the chemical investigation of abaca fiber will be given. 

*' Chemistry of Paper Making , 451. 

a 94.4 pounds of normal, air-dry fiber per hundredweight. 

**21 ton* at 2 cents per pound. 

22 Cross and Bevan: Text hook of Paper Making , p. 92, 

24 hoc. tit. 
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CHKMICAI, I.KVKMT1UATION OF ABAC,! FtHKK. 

Ash, alkaline hydrolysis, and cellulose calculated on dry weight. 


Moisture 

Her cent 
8. 10 

Asli 

1.08 

Hydrolysis (a) 

13.80 

Hydrolysis (5) 

20.70 

Cellulose 

73. «8 


Composition of raw abaca fiber (undoubtedly hand stripped). 


[Analyaii* by Hujjo Miiller.-*] 

For rent. 

Cellulose? 

64.07 

Fat and wax 

.62 

Aqueous extract 

.96 

Lignin and pcctous substances 

21.60 

Water 

11.73 

Ash 

1.02 


Figure* obtained by my*elf on a sample of machine-stripped fiber. 


Per cent. 

Cellulose 63.15 

Fat and wax . 66 

Aqueous ex tract 1.00 

Lignin and jjectous substances 24.67 

Water 9.50 

Ash 1.02 


MlOltOSCOPlC CILAHACTKKI STICK OF ABACA Fill Kit. 


Manufacturers of paper attach considerable importance to the physical 
condition of cellulose after it has been freed from foreign matter and 
otherwise purified bv the boiling, washing, and bleaching processes to 
which it lias been subjected. 

Some fibers are short, hard, and of polished exterior, while others are long, 
flexible, and barbed; the former, it is scarcely necessary to say, yield but indif¬ 
ferent papers, easily broken and torn, while papers produced by the latter class 
of fibers are possessed of a great degree of strength and flexibility. 2 " 

According to Watt: 27 

Straw fiber is short, |ioint.ed and polished, and ean not of itself make a strong 
paper; on tlu? other hand, Manila (abacA) is the strongest known, and esparto 
fiber holds an intermediate place between these two extremes. 

The dimensions of abaca fiber arc included in the table given on 
page 451, together with those of the others examined. For purposes of 

“Griffin and Little: Chemistry of Vapor Making, p. 127. 

w Arnot: Journ. Roc. Arts , 26, 74. 

* Art of Paper Making (1901), p. 4, Crosby, Lockwood & Son, London. 
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comparison the measurements of many well-known commercial libers 
are also given. 

The microphoiographs depict the fibers both in transverse am] longi¬ 
tudinal sections. The relative widths of the liber walls and central 
canals as well as their rounded or polygonal forms and the shape of the 
tips, are clearly illustrated. 

D1HT AND FOREIGN JIATTEU IN ABACA WASTE. 

The cleanness of the raw material is an important consideration with 
paper makers. Foreign substances, such as sand, do not disappear in 
the pulping proems and appear to be multiplied in the bleached and 
beaten half stulf. 

In this respect abaca, waste as it is ordinarily collected becomes* very 
much contaminated. The greater part of this accumulation of foreign 
matter can be avoided if extra care is taken in the stripping of the 
filters, hut even then the waste would need to be thoroughly dusted at 
the factory and either picked over by hand or cleaned by machinery, 
according to the methods used for the preparation of dirty rags and rope. 

The Philippine Islands are the home of real Manila paper stock. The 
qualities which give to abaca its prominent position among the. fibers of 
the world--i. e., its strength and durability—make it a source; of paper 
stock par excellence. The same conditions which confront paper manu¬ 
facturers in other parts of the world are to he met here. The material 
must he collected from widely scattered localities, but with improved 
means of transportation it seems possible 1 that this waste from abaca 
could be baled and shipped to market along with the cordage fiber. This 
will soon be the ease when it becomes generally known that a product 
which has hitherto been a total loss will command from 1 to 2 cents a 
pound and the result will be to augment the revenues of the Manila hemp 
industry by millions of dollars annually. 

PLANTAINS AND BANANAS. 

Two other species of the family of plants to which abaca belongs, 
namely, the banana (Musa sap i.r.n lain) and plantain (Musa puradisiaca ), 
are. worth considering in regard to their availability for paper stock. 
The Philippines and the Indian Archipelago are regarded as the regions 
richest, in bananas. 

This highly important fruit grows in every province and inhabited island of 
the Philippines, both in the wild and cultivated state, and numbers over fifty 
species. The statistics regarding its production and area are interesting only 
as indicating the extent to which the natural, spontaneous growth has been sup- 
plemented and added to by such industry as the natives have exerted in setting 
out plants in the vicinity of their houses, which after planting receive very little, 
if any, attention in the way of real cultivation.* 


Report of the Philippine Census (1005), 4. 



Tho on tiro cultivatori ami devoted to bananas in the Archipelago was 
reported as being 33,913 hectares (83,802 acres), upon which 11,078,(500 
bunches of the fruit wore said to have been produced. This also repre¬ 
sents the number of stalks which practically go to waste at the present 
time, for, after the fruit is harvested, they are simply allowed to rot on 
the 1 ground. These data do not include the wild, nonedihlc species of 
plantains which are so common in all parts of the Islands. 

l)r. Korbes Hoyle a * in discussing plaintnins says: 

Of the value of plantain fiber for paper making, there can, 1 conceive, be no 
doubt.. Some paper, though unbleached, hut excellent as far as substance and 
tenacity are concerned, was sent from India by Dr. Hunter in 1S51. In 184b 
Mr. May showed the author some l»enutiful specimens of note; and letter paper 
made from plantain libel*. Mr. Koutledge .subsequently made some excellent 
paper, Imth of a tough and of a line quality, from libers of this aperies of Musa. 

Thu Bulletin of the Royal Kew Durdens for August, 18!M, contains a 
valuable summary of information relating to bananas and plantains from 
which the following brief extracts have been taken: 

In Jamaica a series of experiments, undertaken by Mr. Morris in 1884, showed 
that the plantain lilier (Musa sapit’nlunt vur. paradisiava ) was whiter ami liner 
than ordinary banana filler ami that it approached more nearly the tine, glossy 
character of Manila hemp. A banana stem weighing 108 pounds yielded ‘25 
ounces of cleaned liber, or at the rate of 1.44 per cent of the gross weight. A 
plantain stem weighing 25 pounds yielded 71 ounces of cleaned liber, or 1.81 
per oent of the gross weight. 

The experiments of ten years on n cultivation of from 400 to 480 acres in 
plantains has shown that, first, TOO to SOO stems are cut per acre per annum, either 
for fruit or in consequence of having been blown down by high winds or from 
disease or other reasons; second, if planted 8 feet apart and cut every eight 
months for stems alone an acre would give J,400 to 1,500 stems each cutting, 
or about 4,500 in two years; third, plantain stems average 2A pounds of clean 
mid ]* pounds discolored and broken liber, the latter only lit for coarse paper. 
These results, however, were obtained with very imperfect machinery; fourth, 
the average weight of a plantain stem is 80 pounds. 

Complete stalks of wild plantain from 'Parian Province, Philippine 
Islands, were found to average over 100 pounds in weight. One entire 
shilk was sawed into short cross sections and subjected to strong pressure. 
'Phe dried residue was T-'t per cent, of the gross weight of the stem. 
Crude fiber estimation (Weende Method) gave 2.4(i per cent of the gross 
weight of the stem. A second stalk was divided longitudinally into 
narrow strips. These were drawn under a knife edge, which removed 
the greater proportion of the water and cellular matter. The remain¬ 
ing thin, fibrous ribbons were boiled in a dilute solution of sodium 
carbonate containing a proportionate quantity of quicklime until the 

» Hoylo: Tin Fibrous Plants of India, ]). 87. 
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incrusting substances wore dissolved Thorough washing produced 1 
kilo of light-gray textile fiber. 

The following data are reported by Mariano Yivencio, of this Bureau: 

Comparison of a ttlalk from an edible variety of banana i mith one from abaed . 


CRUDE KIHKK. WATER. 

For cent. Per cent. 

Banana stalk (green) 2.21 91.48 

Abaed stalk (green) 2.90 92.70 


PULPING AN1) BLEACH 1 NO KXPKKIMKNTH ON HTIUPPHD AND CNSTH1PPED 

PLANTAIN PI BEK. 

Experiment Xo. 1 .—Nix hundred ami eighty grams of the cleaned fiber, obtained 
by boiling the outer fibrous strips of plantain stalks in dilute sodium carbonate 
and lime (see p. 452) were digested under 5 0 atmospheres pressure for five 
hours, with 20 per cent caustic soda, calculated on the weight of the material. 
The washed, dry residue weighed 442 grams, equal to a yield of 05 per cent. 
This residue was repulped in an excess of water and bleached under exactly the 
same conditions as those used for bleaching ahacA pulp. Chlorine consumed, 
15.2 grams, equivalent to 42.4 grams of bleaching powder of 25 per cent, strength.** 
The dry, bleached pulp weighed 404 grams, a loss of 8.(1 per cent in bleaching. 

The plantain fiber when it is extracted is of a white, silvery luster 
and contains many strong filaments. However, in this respect it is very 
inferior to abaca. This inferiority for cordage purposes proves to he 
an advantage when it is considered for paper stock, for (lie ease of re¬ 
solution into the ultimate fibers is direeUy proportional to the tensile 
strength of the filaments. 

UIIEM1CAL INVESTIGATION OP PLANTAIN FIBKIL 
A all y alkaline hydrofyxi*, and celhdme calculated on dry vriyht. 


Moisture 

Per cent. 
10. 02 

Ash 

3.40 

Hydrolysis (a) 

16. 78 

Hydrolysis (//) 

27. 42 

Cellulose 

68.21 

Compoftilion of raw Jiber from plantain . 

Cellulose 

Per cent. 
61.68 

Fat and wax 

1.06 

Aqueous extract 

1.77 

Lignin and pectous substances 

22. 79 

Water 

9.57 

Ash 

3.46 


**9.81 pounds of powder per hundredweight of pulp, 9.28 pounds of powder 
per hundredweight of raw fiber. 
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MAMTKY. 

Agave, ran la la. 

After abaca, maguey or sisal hemp may well be ranked as the second 
most important fiber-producing plant of the Philippine Islands. The 
maguey plant is widely distributed throughout the Archipelago and has 
long been used for local purposes. 31 

The structural fiber of this and of other species of Agave is used for 
cordage and like abaca, it finds its wav to the paper mills in the form of 
old rope, binder twine, etc. The following figures were obtained on a 
specimen of machine-stripped maguey fiber: 

A*h, alkaline hydrolysis, and cellulose calculated on dry weight. 



P<»r rent. 

Moisture 

9. 23 

Ash 

1.90 

Hydrolysis (a) 

18. 78 

Hydrolysis (/>) 

15. 70 

(’el lu lose 

77.05 


The corresponding data on Agave keratin from the West Indies, given 
by Cross, are: 



Per vent. 

Moisture 

15.5 

Ash 

1.4 

Hydrolysis (//) 

10 

Hydrolysis ( h) 

20 

(’ell ulose 

75. 8 

Composit ion o f the ra w fiber. 

Per cent. 

Cellulose 

70.09 

Fat and wax 

.71 

Aqueous extract 

1.54 

Lignin and jwetoiiH substances 

16. 84 

Water 

9.03 

Asli 

1.79 


MAOUKY WA8TK. 


The waste fiber employed for the following digestion experiments was 
taken during some machine-stripping tests which were made on maguey 
leaves from Vigan, I locos Sur, by the Bureau of Agriculture of the 
Philippine Islands. The possibility of materially reducing the weight 
and bulk of this waste material by boiling it with lime in the localities 
where it is produced suggested itself, and experiments to decide this ques¬ 
tion were first undertaken. 

Experiment Mo. 7.-0ne kilo of partially cleaned, dry waste was boiled in an 
open kettle for twelve hours with 20 per cent of quicklime calculated on the 
weight of the material. Thu w a filled, dry residue weighed 085 grams, or 08.5 


*'Report of the Bureau of Agriculture (1004), 82. 
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per cent. The residue was uu pulped, of a dark'brown color, ancl very coarse. 
Digested for five hours longer, under G-7 atmospheres pressure with 10 |>er cent 
caustic soda calculated on the original weight taken. The yield was 81.5 per 
cent of a light gray, well digested pulp. 

Experiment No. 2.~ Uncleaned waste; 20 per cent quicklime; time of digestion, 
live hours; pressure, 0-7 atmospheres; yield, 55 per cent of a course, brown 
residue only suitable for cheap wrapping paper. 

Experiment No. 3. Time of digestion, twelve hours; all other conditions as 
in experiment 2; yield, 38 per cent. The residue appeared to be well pulped, 
but not entirely free from cellular mutter.> 

Experiment No. —Twenty-five per cent caustic soda, calculated on the weight 
of material digested; time, live hours; pressure, 7 atmospheres; yield, 35 per 
cent; residue, light-gray, and it appeared to be very well boiled. 

Experiment No. 5. —Twenty per cent caustic soda; time, five hours; pressure, 
7 atmospheres; yield, 41.5 per cent; residue, dark-gray; digestion, incomplete. 

Experiment No. 0. —-Twenty per cent caustic soda; boiled twenty-four hours 
at ordinary pressure with rellux; yield, 50 per cent; residue similar to that, 
from experiment 2. 

Conclusions. —For the preparation of lmlf stuff for brown wrapping 
paper the waste may he* lime boiled under pressure with good results 
both in respect to yield and to economy; however, ail open cook with 
lime gave negative results. The weight of the waste rnay be reduced 
by about 80 per cent by this latter procedure, luit the resulting product 
is not in any sense a paper pulp. Caustic soda (25 per cent calculated 
on the gross weight of the material) effects a complete re-solution of the 
intrusting material. 

BOWSTRING 1TKMP. 

Sanseveria zeylanica is found quite widely distributed throughout 
the Islands and is cultivated in some localities for cordage and textile 
purposes. It is mentioned in this place because of the similarity which 
its structural fiber has to that of maguey and because of the possibility 
of its becoming a plant of considerable commercial importance. Like 
maguey, it readily lends itself to machine stripping and in the event of 
a more extensive cultivation the waste fiber may be worth considering. 

GKASHKH IN GENERA h. 

Graminetr .—Among the Umminew arc many well-known annual 
and perennial plants which have in the past, largely been used in the 
manufacture of paper; the cereal straws, such as those of wheat, rye, 
oats, and barley, and the stalks of maize and of sorghum, are examples 
of materials from annual plants which are used for this purpose. Espar¬ 
to and the British Indian grasses Munj and Bhabur may he mentioned 
among the perennial plants, as they have assumed a considerable com¬ 
mercial importance. The various species of bamboo have not as yet, 
because of the reasons stated on page 434, been industrially established. 

Esparto .—The Esparto grass ( Stipa tenacissima) is found both culti¬ 
vated and in the wild state in the countries bordering on the Med iter- 
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ranean, principally in Spain and in northern Africa. In the regions 
whore this grass grows the material is used for the manufacture of 
cordage, sandals, tie material, and basket work, but. its great commercial 
importance lies in its use for paper stock. The cost of its production 
and of its shipment have excluded the use of esparto in the United States, 
where wood pulp has been so (‘heap and plentiful, hut in Great Britain 
it has found a steady market, approximately 200,000 tons, valued at from 
$15 to $20 per ton, being imported annually into that country. 

Bhabur grass. .The Bhabur grass (Ischacmum augustifolium) which is met 

with throughout, the central table lands of India from Bengal to Madras, the 
northwest provinces and contra! India, is in sonic parts extremely abundant,. 
As ft pftper material this grass has lxvn reported as little inferior to esparto 
and the paper made from it is of good quality. The Indian paper mills use 
Bhahur grass largely.** 

The Munj grass (Saccharum sum), which is common from Bengal to north 
India, as well ns several other species of Nacchurum , are largely used in the upper 
India mills near Lucknow. Indeed, this is one of the most valuable of Indian 
liber materials, in some respects lieing superior to Bluibur grass. The great 
obstacle to its further use is the dilliculty of procuring ft large and constant 
supply.*' 1 * 

The following statistics which refer to the paper industry of India 
are especially significant in their hearing on the possibilities of paper 
production in the Philippines, as the raw materials in general use in 
the mills of India are very similar to those which we are about to discuss: 

There arc eight paper mills in operation, two of which are private concerns. 
Tim capital invested so far as information is obtainable is rupees 7,320.000 
(approximately $2,500,000). Most of the white and blue foolscap and much of 
the blotting paper, note paper, and envelopes used in the (hiverninent otliees 
are now made in the Indian mills. 

The total quantity of paper made in 1002 was 47,000,000 pounds, valued at 
$2,002,000, approx i inately. 

The capital Ims trebled in twenty year* syice 1883 and the production and 
number of persons employed has increased sixfold during the same period. 3 * 


TMIILTPP1NK (1RA88K8. 

Cogon .—-Two grass**, Cogon and Tulahih, are found in tin* Philippine 
Islands growing wild and apparently in sullieieiil: quantities to warrant 
some inquiry as to their economic use. In the Philippines many coarse 
grasses are termed cogon, but, properly speaking, Cogon ( Imperala 
I'raltata llrong.) is the broad-leaved, gregarious variety. 2 to 4 feet in 
height, which grows in even stands on open lands, foothills, and moun¬ 
tains. Where nipa is not lo be. obtained the trim cogon is highly prized 
for thatching purposes. Conditions of drought do not. appear to affect 

31 Watt: Dictionary of Fconomic Products of India , 6, part 1: 

33 /hid. 

® Indian Forester (1004), 29, 482. 



458 


its growth, as it seems to thrive on a soil containing but little moisture; 
indeed, even in the driest season it will spring up in a green and thrifty 
manner after being burned over, while, on the other hand, it is not found 
along river bottoms or on lands subjected to overflow during the rainy 
season. The study of cogon grass was conducted in -conjunction with 
that of esparto in this laboratory because the use to which it is proposed 
to put the former is identical with that established for the latter. A 
direct comparison is therefore important and necessary. We were fur¬ 
nished with the Spanish variety of esparto from Barcelona through the 
kindness of Don Enrique Zobel, of Manila, and of the Compania General 
de Trtlmeos de Filipinas. Our thanks are due for the great courtesy. 

Ash, alkaline hydrolysis, and cellulose calculated on dry material . 



COGON OK ASH. 

K8PARTO GRASS 
(SPANISH). 


Per ecut. 

Per cent. 

Moisture 

9.32 

8.88 

Ash 

4. 53 

3.71 

Hydrolysis (a) 

25. 77 

19.75 

Hydrolysis (6) 

40.00 

37.18 

Cellulose 

50. 11 

55.18 


Chemical composition of coyon and esparto grass . 



Per cent. 

Per cent. 

Cellulose 

40.88 

48. 25 

Fat and wax 

1.10 

2.07 

Aqueous extract 

10. 80 

10.19 

PeetouH substances 

28 

26. 39 

Water 

11.33 

9. 38 

Ash 

4.03 

3. 72 


Experimental work with mature cogon grass, the results of which are 
given below, indicates, first, the yield of paper cellulose to be expected 
under factory conditions of treatment; second, ihe approximate amount 
of caustic soda necessary to produce a well-boiled pulp; third, the com¬ 
parative, resistant nature of the cellulose to further hydrolysis. 3 " 


Percentage of— 

Experi¬ 
ment 1. 

Experi¬ 
ment 2. 

Experi¬ 
ment 3. 

Experi¬ 
ment 4. 

Hod ft liquor_____ 

2 

2.4 

2.5 

3 

Caustic calculated on weight of material.. 

10 

12 

12.5 

15 

Yield of pulp.. .... 

47.34 

45. ft 

45.42 

44.25 


:w Well-dusted grass, free from weeds and root ends, was cut into pieces 2 to 3 
inches long and in this condition placed into the autoclave. Dilute caustic-soda 
solution in amount sufficient to cover the grass was then run in and the pressure 
was rapidly raised to 4 atmospheres as a maximum. One kilo of dry grasH was 
taken for each digestion; the duration of the ladling was six hours. 
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All four of the pulps were light-gray in color and they appeared to be 
well reduced. 1 he digestions were carried out in an autoclave built of 
bronze and the heating was done with direct, (ire. By the use of patent 
boilers of the vomiting type* and by heating with direct steam (improve¬ 
ments which are in general use with esparto grass) results equal to 
those given above could no doubt, he brought about in a much shorter 
time. I he pulp has a great tendency to form little halls which are very 
similar to those encountered with esparto and straw, hence rotary boilers 
would not be suitable. The modern tendency is cither to increase the 
pressure or the amount of caustic soda used, thus diminishing the dura¬ 
tion of the digestion. 

Two digestions with 2 |m*v cent liquor, hut with 20 per cent caustic soda, 
calculated on the weight of the material, were carried out at 4 to 5 atmospheres 
pressure for three hours. The yields of pulp were 44 and 45 per cent, respec¬ 
tively. 

In some eases, esparto and straw are boiled in open kettles, hut if this 
is done, a much longer time is required to accomplish the same result. 
The following table gives the results of two such experiments: 


Diyextion of mtjun at ortdnary jtrtwotrrx. 



I. 

11. 

Strength of liquor (i»er cent) 

2.6 

8 

Caustic soda (per cent) 

U 

15 

Time of boiling (hours) 

12 

12 

Yield of pulp (per cent) 

51.25 

4S. 81 


These results show that cogon could he boiled in open digesters with 
good results, to make the cheaper grades of printing paper, where time 
is not as important a factor as the cost of the process. The use of quick¬ 
lime, the chemical so commonly employed in the manufacture of straw- 
board, did not give satisfactory results with cogon grass because the lime 
seems to combine with the soluble constituents from the grass and it 
then becomes extremely dillieult to wash out. The pulps produced in 
this manner in the laboratory were coarse and brown. However, for the 
cheapest printing paper and for boards, a lime boiling in an open cook, 
or perhaps under I to 3 atmospheres pressure, would effect great saving 
ill the cost of the chemicals to In? used. 

The investigation of cogon also proved that no preliminary cutting 
down of the grass is necessary; after being dried and hand picked or 
machine cleaned it is lit for immediate digestion. 

TllIC ULKACIUNG OF COGON (MASK VVLV. 

Experiment So. 1- The residue from digestion No. 3, page 45H, amounting to 
454.2 grams, was repulped in 10 liters of water: I liter of a bleaching solution 
of 2.55 per cent available chlorine (approximately 10° )V.) was added ami the 
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whole allowed to bleach over night. No residual chlorine remained, but the pulp 
was of a dear, white color. The amount of chlorine consumed was 23.5 grams 
(1,000 cubic centimeters of 2.35 per cent solution). This represents 07.1 grams 
of powder, equivalent to 0.71 per cent.*** The bleached pulp weighed 428,7 grams, 
which gave a loss of 5.02 per cent in hleaehing. 

Experiment /Vo. 2.—A residue from digestion with 20 per cent caustic soda, 
page 450, amounting to 440 grams, was submitted to exactly the same conditions 
us those given above. The residual chlorine amounted to 0.78 gram, which 
leaves 22.72 grama as the amount eousmned. This represents 04.9 grams of 
powder. 87 The bleached pulp weighed 418 grams which represents a loss of 5 
per cent, in blenching. 

Talaiiiii, Tag., I Adda , Ho., Tiybao , Vis. ( Saccharum spontanewm). 

This is a course-jointed grass, 6 to 10 foot in height, gregarious, growing 
in tufts from stout underground footstalks. It is found to be distributed 
from British India to southern China, Malasia, Now Guinea, the Phil¬ 
ippine and Caroline Islands. It is very common throughout the Arch¬ 
ipelago and is frequently confounded with cogon grass, but it is very 
distinct from the latter in appearance and in its habit of growth. It 
thrives host in valleys and in low, moist places, especially in areas which 
are flooded during the rainy season. It is very persistent and difficult 
to eradicate; simple cutting or burning does not appear to decrease its 
growth but rather to improve its yield and quality. Other related 
species are Saccharum sara (the Munj grass of India) and Saccharum 
ofliritiamm (the well-known sugar cane of all tropical countries). A 
sample of mature grass consisting of entire stems and loaves gave the 
following figures: 



Per rent. 

Moisture 

10. 23 

Ash 

5. 49 

Hydrolysis (n) 

27. 44 

Hydrolysis (b) 

40.53 

Cellulose 

53. 90 


If this grass is allowed to become too dry before cutting, the nodes 
harden and prove difficult to pulp, and a considerable quantity of shive 
is the result, so that some mechanical crushing or breaking of the stems 
is necessary. Only one digestion experiment was made. The grass was 
cut into short pieces and boiled in water for three hours to soften the 
nodes, then digested during six hours with 12J per cent of caustic soda, 
calculated on the weight of the grass. Pressure, 4 to 5 atmospheres. 
Yield of pulp was 15.57 per cent. The residue bleached to a good wliite 
with only 3.2 per cent loss in weight by the use of 5.7 per cent; of bleach¬ 
ing powder, calculated.on the original weight of the material digested. 

3,1 9.71 pounds of bleuching powder per hundredweight of grass. 

37 9.43 pounds of hleaehing powder per hundredweight of grass. 



DIMENSIONS Oli THE IIIjTIMATK FI Ii 10 |{S OK SOME PHILIPPINE ElBEU PLANTS, 
[Table by Dr. E. H. Copeland. All tuertsureiiieii(.x are in millimeters. 1 
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Table of dimensions of some of the more important fibers used in the manufacture 

of text iles and paper. 

|Taken from M. Velilliirt. : * H | 
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We are greatly indebted 

to Mr. 

Elmer 

1). Me 

Trill, Botanist, 

of the 


Bureau of Seienee, for the eulleetion and botanical identification of 
fibrous plants discussed in Ibis paper and for other valuable assistance. 
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EXPLANATORY NOTE ON THE (SPECIMENS OF PAPER INSERTED IN THIS ARTICLE. 

In response to 1111 morons requests for specimens of paper made from the raw 
materials investigated, we have inserted into this number of the Journal samples 
of handmade paper from nbucA waste and cogon grass. Similar specimen sheets 
made from banana, bamboo, palms, and other material will be sent on request. 
It was thought best not to alter the pulp in any way, but only to provide pure 
bleached specimens, thus affording paper manufacturers and others who are 
interested an opportunity for testing the fiber to their own satisfaction. Conse¬ 
quently, no attempt at loading, sizing, coloring, or calendering the specimens was 
made. The work required to turn out several reams of handmade paper with 
apparatus available in the laboratory is very great, and it was practically all 
performed by Filipinos. This speaks favorably for their skill in acquiring facility 
in manipulations of this kind. 

In a future paper other Philippine paper materials will be discussed, 
and data in regard to the available supply of all raw materials, so far as 
such data can be obtained, will be given. 
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Fiu. 1. Transverse section of imputed fillers. 

2. Fibers seen longitudinally. 

PLATK II. 
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Fig. 1. Transverse section of group of fillers. 

2. Fillers seen longitudinally. 

PLATK III. 

M ACJUKY (.1 parr rant ala ). 

Fig. I. Transverse section of a group of fibers. 

2. Fibers seen longitudinally. 

PLATK IV. 
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Fm. I. Transverse section ol a bundle of libers. 

2. Fibers seen longitudinally. 

PLATK V. 
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Fig. 1. Transverse seel ion of isolated libers. 

2. Fibers seen longitudinally. 

PLATK VI. 
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Fig. J. Transverse section of isolated fibers. 

2. Fitwrs Heen longitudinally. 
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COOON GRASS PAPER 





COMBATING PLAGUE IN JAPAN. 1 


Bv Sill HA HA nr liO Kitanato. 

(From the Inutitufr for Infvvtions Disease,s, Tokyo, .Japan.) 


CLAUl/K KCJDEM1CS AND T1IK1R DKTKIMKNTA I. EFFECTS. 

Jn 1890 the epidemic of plague which had previously raged in India 
and Hongkong invaded Formosa, which from that time became a source 
of the dangerous pestilence. In this insular possession of Japan, a 
condition was produced in which Ihe eradication of the etiological factor 
became almost impossible, and the situation began to menace the mother 
country. However, strict enforcement of preventive measures and quar¬ 
antine precluded the entrance. 1 of plague from this into the main islands 
of Japan, but danger to our country was present from other sources, for 
the first case of plague encountered during this epidemic was found 
aboard a vessel which entered the port of Yokohama in 189(>. The ship 
brought, the dangerous germ from India and from southern Uhina, with 
which regions Japan has frequent, commercial intercourse. Since this 
event, steamers arriving at the same* port and at. Nagasaki and Kobe have 
brought in several eases of bubonic plague, but, as the discovery has al¬ 
ways been made in time and preventive measures and quarantine have 
been promptly applied, infection has been avoided for tlx* time being. 

However, the origin of tlx* epidemics in Japan has been located not 
in tlx* patient but in inanimate objects, incoming vessels from the 
infected regions - that is, from Bombay and Hongkong—began to in¬ 
troduce into the country the plague germ mingled with their freight, 
which principally consisted of cotton. The (Jovernment; being unaware 
of this dangerous importation, the freight was allowed to land and as 
a consequence the infection rapidly spread in the principal trading 
ports. At first the epidemic prevailed among rats; afterwards it. at¬ 
tacked human beings, with the result that many human lives were sac¬ 
rificed, tens of thousands of yen of State money were expended, and the 
foreign trade of the country also suffered considerably. 

The principal epidemics in Japan have been as follows; The first 
outbreak was that during the years 189!) and 1900. It began in Kobe; 

1 Komi at the third annual mooting «»f the Philippine Islands Medical Asso¬ 
ciation, March 3, 1!I0U. 
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spread to Osaka, where its ravages reached a high mark, and then invaded 
Hamamatsu and Wakayama. The total eases in this epidemic num¬ 
bered 230. 

The second invasion was in 1902 and 1903, the source of this epidemic 
probably being in cotton which was imported from Hongkong. The 
initial eases occurred in Yokohama and it then spread to a district in 
Tokyo. The epidemic was stopped bv the combined efforts of the two 
cities after it had claimed 71 victims. 

The third outbreak occurred in 1905 and is still prevailing. Through¬ 
out different localities—namely, in Tokyo, Chiba, Kobe, Osaka, Kagawa, 
and Moji—a number of victims have succumbed to it. The disease ap¬ 
peared in Tokyo in the early spring, chiefly in the Fukagawa district, 
and it then spread to the Chiba pcrfecture, where a summer epidemic 
prevailed to a slight degree. The origin of the outbreak in Kagawa, 
lasting from May to the middle of June, appears to have been similar 
to that of the Osaka and Kobe epidemic and it was evidently due to 
direct contagion ; its severity has been unparalleled in recent years. Two 
plague patients were found in the city of Kobe in August and the number 
of cases increased rapidly within the next few months, so that during the 
year the total number of victims amounted to 90. Next to Kobe, Osaka 
suffered most severely, there having boon many cases since October of 
the past year, the number reaching 131 in three months. In both cities 
the outbreak spread throughout all the districts and it is still raging. 
Plague has also appeared in Shimonoseki and has claimed nine victims 
in that city. This epidemic lias had no precedent both in its severity 
and in the number of its victims, the total of the cases during the year 
having reached 297. 

The following tahle shows the regions of Japan in which the series of 
outbreaks occurred and the number of patients in each: 



Year. 

ration t*. 

Dcatha. 

Principal regions of the epidemic.! 


\m 

62 

45 

Kobe and Otrnka. ! 

Fl rut outbreak.... 

1900 

I 

16* 

168 

Kobe, 1 OMAka, Ilamamatau, i 
Wakayama, and Nagaaaki. 


1 1901 

2 

2 1 

Wakayama. ! 

Seeond outbreak__ 

!( 1902 

14 

9 

Yokohama and Tokyo. 

1 

l 1903 

67 

49 

Do. j 

Third outbreak.. 

|( 1904 

1 

1 

Kobe. • ! 


\ 190f> 

297 

267 

Tokyo, Kobe, Osaka, Chiba, Ka- j 
gawa, Moji, and Nam. 

Total. 


601 

518 

1 

1 


The number of patients during the past year, distributed in different 
localities, is as follows: 

Tokyo, 15; Chiba, 11; Osaka, 134; Nara, 2; Kagawa, 36; Kobe, 90; 
Moji, 9; total, 297. 
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In Japan the cost of preventive measures and quarantine has reached 
an enormous figure. During the first outbreak the city of Osaka 
expended more than 352,500 yen; during the second, Tokyo city spent 
320,000 yen, although the number of patients there only numbered 15— 
i. e., 21,333 yen for every victim. These figures show the expense of 
plague outbreaks even when they are considered apart from their dread¬ 
ful effect upon human lives. From the facts already given it will not be 
difficult to infer how much the present epidemic, which is raging in Kola; 
and Osaka with unparalleled vigor, will burden the financial resources 
of the country. Already the city of Kobe has given out 3io,000 yen 
and Osaka city 470,000 yen for its prevention; and it is apparent from 
the present conditions that we will have to spend considerably more 
money to keep the plague at bay. 

Such is the direct burden of plague upon the finances of a country, 
but this is not all; for the; indirect detrimental effects must also he 
considered. This loss, indeed, can not he estimated, because it is a wide 
and far-reaching one, affecting both domestic and foreign affairs and 
one which can not. he compared with that of an epidemic of any other 
kind which involves only its direct damage upon a limited community. 
Plague, indeed, is a fearful enemy to mankind. 

Two methods of invasion are apparent from the studies of the epidem¬ 
ics in Japan: One is contagion from imported plague patients and the 
other by contact with the disease germ mingled with the freight brought 
in from some infected region. The nature of the preventive measures 
to be employed depends upon the source of the epidemic. If the invasion 
1)0 by means of a plague patient, discovery is made easier and prevention 
or quarantine, as the case may bo, can promptly bo applied, so that the 
depredations of the disease may he confined within a small radius. On 
the other hand, if the organism is being propagated through the medium 
of rats, preventive measures are difficult: for, by the time infected 
rats are discovered, human beings have already become victims. More¬ 
over, as a rule, hv the time man receives the contagion from rats, the 
ravages of an epidemic* have already reached serious proportions among 
these animals, so that the outbreak soon assumes a character which, 
renders control difficult; the infection therefore spreads far and wide, 
affecting both men and animals. Such a result is illustrated by the 
first outbreak and by the present one; in which Nagasaki and Kobe arc 
the chief sufferers. The results at Chiba and Kagawa can be taken as 
an example of a ease where the source of the epidemic was in human 
patients. In this outbreak we were able to keep the epidemic confined 
within a small locality by promptly applying the usual preventive* meas¬ 
ures--that is to say, before the rat was attacked by the germ. We can 
thus see that the same preventive measures may give different results in 
different eases. 

In every epidemic it is difficult to ascertain the exact circumstances 
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under which the plague invasion occurs. This is especially true when 
the medium of propagation is outside the human patient, and it is not¬ 
ably the case where rats are the agents. So far, in every case, the plague 
outbreaks in Japan wore first evidenced in localities which have direct 
communication with foreign countries ami from these points the spread 
to the region** of the interior occur ml. Moreover, the first case in any 
place which subsequently became a source of plague was invariably 
associated with freight imported from India or from Hongkong. The 
first epidemic owes its origin to a steamer which entered the port of 
Kobe with a cargo of raw cotton and Chinese rice from Bombay and 
Hongkong. The second one may be traced to a vessel which came to 
the port of Yokohama with freight consisting of raw cotton. The 
present great epidemic; which prevails in Osaka and Kobo is due to a 
steamer which anchored in Kobe Harbor laden with a consignment of 
raw cotton from Bombay. These statements demonstrate the almost 
identical origin of the fatal pestilence in each instance. 

As a rule;, the plague germ on entering these trading ports does not 
immediately attack man; it first infects rats and by the time the first 
human victims arc; discovered, the epidemic has assumed a well-advanced 
form ; this fact has been demonstrated on several occasions. The present 
epidemic in Osaka may be considered as an example. In February it 
was preceded by the discovery of infected rats, but only during May of 
the same year did human victims begin to appear, thus showing how 
deep rooted was the source of the* infection. 

The; season during which an epidemic occurs has a marked influence. 
Thus it is apparent that a winter outbreak is generally of a most chronic 
character; it rages for a long period with great severity, spreading over 
a large extent of territory. The first invasion, the present epidemic in 
Osaka and Kobe, and the second one in Tokyo and Yokohama, belong 
to this class. A summer epidemic is usually acute in character and as 
a rule is spread bv contagion. It may be severe though of short duration, 
and it is limited to a small area. The epidemics in Chiba ami Kagawa 
during the past year and that of Hamamatsu in 1900 were of this nature. 
It should be noticed that during a winter epidemic a large number of 
infected rats are met. with, while in a summer one but a small number 
or even no infected rodents are encountered. (8oc PI. I.) 

PH EVE NT IVK MKASUHKS. 

As the* plague epidemics in Japan, according to observation, originated 
in the Indian Peninsula, in Southern China, and in Formosa, the first 
and most urgent step to prevent the introduction of the disease was to 
establish quarantine against vessels coming from these regions. With 
this end in view, quarantine stations were erected at Yokohama, Kobe, 
Nagasaki, Moji and other principal trading ports and the necessary 
measures enforced as strictly as possible. So far, several eases of plague 
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have been discovered on board vessels coming from the infected regions; 
but as a result of the strict quarantine, the danger of contagion has 
been prevented. When a ship is found to have plague infection on hoard, 
all communication with the land is stopped, measures are taken to 
destroy the rats, and other sanitary precautions are employed. In 
order to provide the means for killing rats on hoard ship, auxiliary 
vessels especially fitted for that purpose and similar to those used in 
Hamburg, Germany, are recommended. We now have several of these 
at Yokohama, Kobe, and Moji, and they will he employed during the 
present year. 

The Department of the Interior of the Japanese Government, through 
the Bureau of Public Health which belongs to that Department, names 
officials who are to meet to discuss and execute measures for the prevention 
of infectious diseases. These committees consist of physicians and 
surgeons with assistants and quarantine commissioners. Kach munic¬ 
ipality or prefecture has also its established board of health, which 
consists of one physician, several assistants, and a number of inspect¬ 
ors. This organization is placed directly under the control of the 
police department, and it takes charge of all matters relating to infec¬ 
tious diseases. The principal prefectures and districts arc provided 
with isolating hospitals to receive patients and with laboratories for inves¬ 
tigation and these boards of health carry out the necessary preventive 
measures. In case of a plague outbreak, the* prefeetural government in¬ 
creases the number of health officials so as to meet the emergency. 
When an epidemic of an unusual nature takes place, an imperial receipt 
is issued by means of which the organization of a special board consisting 
of commissioners, inspectors, clerks, and watchmen is ordered for fight¬ 
ing plague. In addition, several councilors arc appointed to submit 
advice relating to the matter. The municipal government of Osaka 
has increased its staff by 11 officials and a number of councilors because 
of the present outbreak. 

In Japan all affairs relating to health and sanitation, particularly to 
the prevention of infectious diseases, are referred to local administration, 
the execution of the necessary measures being carried out by the aid of the 
police. The expenses required for the purpose are shared by the people of 
the locality in which the disease occurs, aid also being given from the 
financial resources of the prefeetural or municipal government. In ease 
of an outbreak of contagious disease, the Central Government will give 
assistance to the local ones to an amount not exceeding one-sixth of the 
total outlay. However, in the cast; of plague, the Central Government has 
spent and is spending an amount enormously in excess of that fixed by 
regulation. 

The Institute for Infectious Diseases acts as councilor to the Gov¬ 
ernment in matters relating to health, and it especially advises in regard 
to the preventive and sanitary measures which are to he taken against 
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infectious diseases. When a plague epidemic exists, our Institute, 
through governmental appointment, furnishes those commissioners and 
officials who are to take charge of the preventive and sanitary measures. 
It has a plague laboratory constructed in conformity with the most ad¬ 
vanced methods and in this place pest serum and vaccine arc prepared 
for the use of the entire country. As a part of its work the institute 
gathers a number of physicians and surgeons throughout Japan in order 
to give them instruction in bacteriology and epidemiology. The number 
who have finished this course at present amounts to 1,293, and these 
physicians are scattered throughout the country. At least a portion 
of them are now actually engaged in important work in hygiene and pre¬ 
ventive medicine. As these specially educated physicians and surgeons 
are distributed throughout Japan, it is a matter of ease in an emergency 
at once to gather several hundreds of commissioners. To fight plague 
successfully requires a large number of trained men, and the country 
owes its thanks to the Institute for rendering so many available. 

Such, in brief, is the account, of the organization of the preventive work 
which so far has been instituted in Japan. However, I must here 
express my sincere admiration and surprise at the manner in which your 
country is protected from pestilence. You have medical officials sta¬ 
tioned at the principal ports of the world which plague frequently 
haunts, so that inspections are made at the places from which vessels 
clear. 1 believe preventive measures against plague to he the most 
urgent need of the age, hut in order to he of permanent good they must 
include, as is the ease with the United States, not only temporary means 
for }) re venting the intrusion of the disease to he enforced at the ports 
of entry, but also medical officials to he stationed in infected regions, at 
which points any vessels starting for the country in question can bo 
strictly examined. I am of the opinion that it would he advisable to 
place such officials at Indian and South Ghina ports to which the plague 
outbreaks in Japan have been traced. 

In combating plague, the quarantine of ports, however strict and 
complete it may be, can not safely be relied upon and for this reason 
general provision throughout the country must be perfected against 
infectious diseases. As plague can not he classified with the ordinary 
ones of this class, the regulations to meet such emergencies in Japan 
were found in general to be unsuitable, so that the Government was 
compelled to remodel them in order to meet the condition. The prin¬ 
cipal features of the new regulations are as follows: 

1. Authority for disinfection, isolation, and quarantine is given. 
Measures looking to the prevention of the disease are to be enforced not 
only against the living patients and in respect to the houses and furni¬ 
ture occupied and used by those actually stricken with plague, as well 
as of those who are only suspected of having the infection, but also in 
regard to the bodies of those dead with plague. 
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2. To prevent the spread of the infection, as many rats as possible 
are to be killed. 

3. The period of isolation of suspected patients is not to be less than 
ten days. 

These modified regulations were bast'd upon the experience of several 
years. In carrying out measures of disinfection it is necessary to ex¬ 
tend the area to be covered as far as possible, as the plague germ is very 
easily propagated. It is also true that bubonic plague often develops 
into that of the pulmonary or pneumonic type and in that event the 
disease not infrequently infects by direct contagion therefore, especially 
in times of epidemic, quarantine and isolation must be strictly enforced. 
It was thought necessary to fix the time of isolation at ten days because 
of the fact that the incubation period of the disease lasts from six to 
seven days. The killing of all rats which it is possible to secure was 
deemed a necessity, as these animals have the closest connection with 
plague. The above principles were applied where the intrusion of the 
pestilence was suspected even before the formulation of the new regu¬ 
lations. 

In attempting to catch rats it is important to remember that traps 
and appliances should be set in all buildings, and it is imperative in 
those which contain cotton and grain, in which the plague germ is most 
liable to he retained. 1 gave warning in this respect a few years ago and 
as a result the municipal govern men t of Tokyo has passed an ordinance 
respecting buildings and warehouses which provides that all buildings 
must he constructed in a manner to prevent their becoming an abiding 
place for rats. A similar regulation has been adopted in other cities and 
prefectures, especially in those having direct connection with foreign 
countries. These legal acts appear to be rather despotic, but neverthe¬ 
less they must be deemed necessary in view of the dreadful character 
of the disease which is propagated by these rodents. I believe that the 
extension of similar regulations to dwellings so as to render all of them 
rat proof would in the future generally lessen tin* danger from the in¬ 
fection. Such a step has yet to be taken. 

SANITARY WORK. 

The principal undertakings established for the enforcement of pre¬ 
ventive measures are (1) bacteriological examinations; (2) search for 
patients; (3) killing of rats, disinfection, and the application of sanitary 
methods; and (4) disposal of patients and of infected articles. The 
work may briefly be described as follows: 

The bacteriological laboratories in the different districts and prefec¬ 
tures are for the study and diagnosis of plague, and in times of epidemic 
they are used solely for this especial purpose. In such cities as &obc, 
Osaka, Yokohama, and Tokyo, which are most frequently threatened 
by pest, the Government for several years past has been encouraging 
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the destruction of rats by buying all which are killed or captured 
by the people. This practice has a twofold purpose—one the prevention 
of an epidemic, and the other the ascertaining whether any infected 
animals, the presence of which usually precedes an epidemic among 
men, are existent. An immense number of rats is bought by the Govern¬ 
ment and each one of them is examined bacteriologieally. (Pis. Nos. 
XIY-XVI picture their examination in the laboratory of the Tokyo 
Metropolitan Police Board.) In this latter place from 3,000 to 4„000 
rodents are examined daily even in ordinary times, but when an 
epidemic occurs the number is increased to an enormous figure. As 
plague outbreaks in Japan are usually preceded by rat infection, these 
examinations are to be regarded somewhat in the light of a rceonnoifi¬ 
nance. The utility of this precaution is illustrated by the fact that in 
1904 an infected rat was discovered iu Yokohama before any human 
victim had been found and as a result the source of the infection was 
sought and finally traced to a British steamer, the warning being given 
in time. During epidemics, the examination of rats is even more 
necessary, for it is only by such a process that the condition and the 
manner of propagation of the pestilence are actually known. 

To judge from the experience of the past, it can he suggested that in 
examining rats particular attention should he paid to their submaxillary 
and cervical glands and to the spleen. These* organs in most cases show 
the evidence of infection, if there he any. The inference to be drawn 
is that the rat receives the plague germ through the mucous membrane 
of the mouth and throat. 

An important work during an epidemic is the bacteriological exami¬ 
nation of specimens obtained from the patients and the dead, for the 
diagnosis must depend upon both clinical and bacteriological observa¬ 
tion. In suspicious eases, material for investigation is taken from 
the affected parts, such as the glands or skin. The sputum of tin* 
patient is also frequently subjected to examination. In the dead, the 
heart’s blood and spleen and the contents of the glands or lungs arc 
scrutinized. Microscopical examinations are undertaken, cultures arc 
made and animal experiments are performed with the specimens which 
are gathered. Agglutination by a pest serum, of the bacteria obtained 
is also studied. Obviously it is often difficult to assure one’s self of 
the discovery of an infection by any of these means, but there are many 
eases on record where suspicious substances such as cotton, filth, and 
rotting grain harbored the Bacillus pest is ; as an illustration 1 will cite 
the fact that in 1899, in Osaka, cotton waste was found to contain the 
plague organism. 

The searching for patients, especially when the first invasion of plague 
is suspended, is also an important portion of the preventive work. Phy¬ 
sicians are expected by law to report any infectious disease which they 
discover, hut such reports are in most cases not reliable; indeed, during 
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tenth of the whole number of eases actually existing. In the localities 
which have never before been visited by plague, the physicians them¬ 
selves are ignorant of the nature of the disease and they may thus permit 
an outbreak to spread rapidly. 'This unfortunate condition was illus¬ 
trated in lvagawa during the past year. 

As a means of promptly seeking out patients in places which are fre¬ 
quently in danger of an outbreak of pest, the physicians attached to the 
police are given authority to examine the bodies of all persons dead from 
acute, febrile diseases. During epidemic periods such examinations give 
results parallel to those obtained by the 1 investigation of the rats which 
are caught, and that such precautions can not he neglected is shown by 
the experience obtained in the past. The following table gives the* 
number of plague patients discovered during the outbreak in Osaka and 
Kobe during the past year: 


Physicians’ reports 

OHnkn. 

49 

Kobe*. 

30 

Inspection of dead 

27 

20 

I inflection of houses 

34 

33 

Among the isolated suspects 

20 

0 

M iscellaneons 

4 

1 


134 

90 


The value of the inspection of the dead is apparent, for the foregoing 
table renders it evident that in Osaka 2< and in Kobe 2<> instances would 
have occurred in which bodies which really were infected with plague 
would have btJcn regarded as being dead of other diseases and thus the 
number of foci of the epidemic would have boon increased. 

The inspection of apparently healthy persons living in an infected 
locality or its vicinity is not an easy task, though a very necessary one. 
Epidemics are most liable to prevail in places where ignorant people 
reside and this fact alone greatly hinders the work of the health in¬ 
spectors. Only by reason of their devotion to duty and work can their 
efforts be successful. The value of their work was illustrated during 
the outbreak of the second epidemic in Tokyo. In the hitter city, with 
the exception of three early eases out of a total of 1M, a suggestion and 
warning was given by the diagnosis of plague in persons apparently 
healthy and these persons were removed and isolated. During the 
present epidemic in Osaka not a few of the dangerous patients were 
discovered by the general inspection of healthy persons. However, the 
task of finding plague cases by such a method becomes more difficult, in 
proportion as the epidemic spreads and the patients are found scattered 
over a wider area. As aforesaid, plague in a patient must frequently 
be diagnosed by both a clinical and a bacteriological examination and 
the application of such tests must bo undertaken as speedily as circum¬ 
stances will permit. The absolute diagnosis is usually effected within 
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forty-eight hours after the finding of the suspicious patient or of the 
dead body and during the examination the patient or the dead body is 
to be regarded as if it were a genuine instance of plague infection. 

Even during ordinary times, the killing of rats is enforced in localities 
where imported freight is stored or where laborers live and this enforce¬ 
ment is made general when there is danger of an outbreak of plague. 
At least two days before the general sanitary precautions outlined above 
are applied, rat catching and killing devices, such as traps and poisons 
are distributed to every dwelling and warehouse. Formalin vapor or 
sulphur dioxide is used in buildings which can be tightly closed. All 
localities which are constructed so as to permit of the abode of rats are 
rebuilt, the sewage is improved, and all filth is burned. The above 
constitute the measures employed for removing and killing rats. The 
occupants of the dwellings in which infected rats are frequently found, 
or in which plague patients are discovered, are removed and the whole 
house disinfected and rendered unfit for rodents by the sanitary meas¬ 
ures adopted in the killing of rats; in order more effectually to destroy 
the latter, galvanized-iron walls are erected around such houses and all 
exits of the sewers are closed by means of metal nets. If the infected 
area is extensive it is divided into small sections, and the same method 
is applied to each one of these. The first steps in sanitation after 
these, precautions have been taken are to search for and destroy the 
rats, to disinfect the furniture and finally the entire building. For the 
latter purpose carbolic acid, corrosive sublimate and lime are used, 
articles of an especially suspicious nature being at times steamed, boiled, 
or burned; all of the disinfected objects are ultimately exposed to the 
sunlight. In case the building is situated in such a manner as to render 
the application of sanitary* measures difficult, it is sometimes desirable 
to disinfect by burning the entire edifice. Such extreme measures I 
believe to be especially justifiable where the infection has not as yet 
spread to a large area, and they are not infrequently made use of in 
Japan. The gulvanized-iron fence or wall which is erected before lire 
is set to the premises prevents the rats from finding their way to the 
neighboring houses, and thus possibly spreading the disease. 

However, the difficulties attendant upon the entire destruction of 
houses for purposes of disinfection are in some instances insurmountable, 
and this is particularly the case when plague patients and infected rats 
are scattered over a large area. The present epidemic in Osaka and 
Kobe illustrates such a situation. If extreme measures were to be ap¬ 
plied to these cities practically whole districts would have to be burned. 

As has been remarked above, the. zinc fences prevent the escape of rats 
during the work of disinfection and their effectiveness in segregating 
an entire area before an epidemic becomes general has been abundantly 
illustrated during the outbreaks in Yokohama, Kobe, and Tokyo. These 
walls present a most peculiar appearance. (See Pis. X-XII.) Their 
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height varies according to the circumstances, but usually it is about 3 
feet with a foot or two buried in the ground. Rata can neither climb 
such a wall nor burrow under it. The use of zinc for such a purpose 
is apparent, for it is not liable to rust as arc other metals, and it may 
be used repeatedly. These walls have been utilized during every epi¬ 
demic, the largest one being constructed in Tokyo in 15)03. In this 
instance the area inclosed was three-fourths of u mile square, with par¬ 
titions dividing it into several sections. In addition, every other place 
where, infected rats were found was inclosed within other fences and 
the total length of the walls so used measured 29,148 feet, or about 4 
miles. 

The discovery of a case suspected of having plague is promptly fol¬ 
lowed by the proper measures to prevent further spreading of the disease*. 
Inspecting physicians hurry to the patient’s residence, and, if he really 
proves to he attacked by the pest, the victim is at once conveyed either 
to a hospital for infectious diseases or to one of isolation where proper 
treatment can he given. Should a dead body be discovered infected 
with the plague bacillus, tin* cadaver is first disinfected externally and 
then cremated. Kaeh member of the family and the contacts in the 
neighborhood an* then sent to an isolated detention dormitory where 
they are given a daily examination during their term of quarantine. 
They are subjected to all possible means of disinfection and prophylaxis, 
including the conferring upon them of passive immunity by inocula¬ 
tion with pest scrum, whereas those from the neighborhood who are 
in less danger of having contracted the disease are given pest vaccine. 
In every epidemic this serum and vaccine have* been generally used, 
over 10,000 individuals having been inoculated, but we have been unable 
to obtain exact statistics as to the value of these remedies during the 
epidemics on the main Japanese islands. 

However, during the outbreak in Tainan, Formosa, occurring in 1901, 
the conditions wen* such that we were able to obtain valuable statistics 
and the large* number of persons which were inoculated with pest vaccine 
gave suggestions as to the value of vaccination. Of 10,87(5 persons 
inoculated in Tainan only seven were attacked bv plague; while out of 
about. 40,000 persons who failed to receive this treatment, more than 
500 were infected. From such statistics it is not difficult to believe in 
the favorable results of vaccination, although we are not yet in a position 
definitely to determine its value. 

Those plague commissioners and officials who from the nature of their 
duty frequently came in contact with the patients, have received prophy¬ 
lactic inoculations of the serum (1(5-20 cubic centimeters). Not one of 
these individuals has as yet. been infected. Instances arc many in which 
the value of the serum as a preventive has apparently been demonstrated. 

For the treatment of plague patients two methods may he recom¬ 
mended'_one the extirpation of the buboes and the other the inoculation 
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with serum. The efficiency of the extirpation and of the serum treatment 
depend on tin* stage of plague development which exists at the time they 
are instituted; when performed in an early stage, u favorable result may 
be expected, but in a later one these measures become futile. As a con¬ 
sequence 1 , it is important to obtain a positive diagnosis as early as possible. 

Thai good results may be obtained from serum treatment in such cases 
admits of no dispute. During the first outbreak in Osaka, Ycrein’a serum 
was used, but owing to the* scarcity of the supply of this remedy, the 
results fell short, of our expectations. Since 1900 our institute has been 
preparing the serum to meet with the constant demand. For the patients 
actually suffering from the disease, comparatively large quantities (200- 
240 cubic centimeters) are required for inoculation, and although we 
aw not in a position to ascribe to the pest serum a value as absolute as 
to the diphtheria serum, there is no doubt of the efficacy of the former 
remedy. The following facts demonstrate this: 

A series of experiments was conducted in the Tainan isolation hospi¬ 
tal (Formosa) with the view of comparing the results of the serum with 
those of an early extirpation of the buboes and general systematic treat¬ 
ment. Of the 5fi patients treated by the latter method, 35 (62.5 per 
cent) died of plague, while out of the same number inoculated with 
serum the death rate was only 113.9 per cent. From these experiments 
it is seen that the use of the serum reduced the death rate by about one- 
lmlf. Our experience during the epidemics in Japan has shown that the 
most effective treatment is that in which both serum inoculation and 
extirpation of the buboes ure performed in as early a stage of the disease 
as possible. 

RATS AS T1 IK PROPAGATORS OF PLAGLK. 

The fact that rodents are always closely connected with an outbreak 
of plague (in all times and places) admits of no dispute. The epidemics 
in Japan have invariably been traced to rats. 

Obviously these animals have a high susceptibility to the pest infection; 
their habits also constantly bring them in contact with filth in which the 
plague germ is present, besides which they feed upon one another. These 
facts must favor the spread of plague. The finding of human victims 
of the pestilence is almost invariably preceded by the discovery of plague- 
infected rats, lienee the killing of rats must be resorted to as the first 
and most important step in the prevention of an epidemic. In the first 
outbreak in Osaka and Kobe the pestilence was gradually stopped by an 
urgent effort directed at destroying these rodents; and the ones in Tokyo 
and Yokohama were confined to a small area by the strict enforcement 
of these same measures. The number of rats killed in Tokyo since 1900 
and up to the present time amounts to the enormous figure of 4,820,000— 
that is to say, the average is more than 800,000 a year. In other words, if 
these dead rats were laid side by side they would extend for a distance of 
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over 75 miles. Ihe price; paid by the local government for these animals, 
which were bought from the people, in Tokyo alone has amounted to 
160,000 yen. 

However, the extermination of rats is complicated by the fact that 
the rodent increases at an enormous rate; as a rule within one month of 
pregnancy the female gives birth to live young ones at a litter, and the 
young reach puberty and become pregnant, at the age* of three months; 
thus these animals multiply in a geometric progression. Furthermore, 
if rats are destroyed by artificial means, such destruction only lessens the 
struggle for existence and then the rate of multiplication is much in¬ 
creased. In Tokyo more than 4,800,000 rats have been killed; yet we 
can hardly notice any considerable decrease in the number of these 
animals. 

In Japan, for killing rats, poisons such as arsenic and phosphorus, 
together with traps, arc chiefly used. The typhoid bacillus of the rat, 
which has been effectively used for killing field mice, lias been found 
useless for house rats and therefore wo no longer employ it. 

Someone has offered the following suggestion for the disposal of the 
usual breed of household rats (Mux rail us), which unfortunately is the 
species most liable to he attacked by plague. This suggestion is to in¬ 
troduce M . decumanux . which is a persistent enemy of M. rat lux, and 
which is comparatively more resistant to the infection. Such a sug¬ 
gestion appears to me impracticable for from my actual observation it 
is evident that so far as the epidemics in Japan are concerned, the kind 
of rat has been of very little importance in propagating plague. More¬ 
over, the results of biological researches tend to confirm the fact, that 
although two distinct species of rats arc found, the one most prevalent 
in Japan is a race which is a mixture of the two and which is also suscep¬ 
tible to plague. Such a fact rather contradicts the assumption that the 
two species are natural enemies to each other. Therefore, the above rec¬ 
ommendation can hardly he taken as a basis for preventive measures 
against plague. 

The best way to destroy rats in connection with the restriction of 
pest is to prevent their abiding in or at least to expel them from human 
habitations. In order to accomplish this purpose I suggest that all 
buildings he rebuilt according to a plan which will serve this end. This 
particularly applies to Japanese houses, because in most cases the latter 
are built of wood, and such buildings are liable to provide quarters for 
rats. L understand that, the United States is planning a reconstruction 
of "Chinatown” in San Francisco. 1 highly approve of such a step in 
view of the situation of that port, which is constantly threatened with 
a plague invasion. In Manila, also, the cause of the recent fortunate 
decline of the plague epidemic, I believe, can chiefly be attributed to 
the rebuilding of the city since tin* Islands became a possession of the 
United States. 
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lu Japan, the insular territory of Formosa whicli has been invaded by 
plague is now being surveyed by the sanitary officials, and the buildings 
in the central part of Tainan City have already been reconstructed so as 
to keep the rodents out. As a consequence, the ravages of the pestilence 
are now practically confined to the villages or to groups of unsanitary 
habitations of the natives, who live witli the rats and permit these animals 
to flourish. 

The following table demonstrates that during a plague epidemic the 


number of infected rats 

runs 

parallel with 

that of 

the patients dis- 

covered: 


Okaka. 


KoftK. 


Patients. Infected rata. 

Patient*. 

Infected rat*. 

May 

1 

1 

0 

2 

June 

0 

0 

0 

0 

July 

0 

0 

0 

0 

August 

0 

0 

2 

3 

Septeintar 

0 

5 

8 

11 

October 

a 

39 

4 

17 

November 

45 

119 

3ti 

151 

December 

82 

034 

40 

405 


The number of rats examined during the past year in Osaka amounted 
to 1,195,11(5. Of these, 19 infected animals were found previous to 
May, making a total of 817 in all. In Kobe 553,(51(5 rats wore examined; 
the number of infected ones can he ascertained from the table. From 
this it may he inferred that the prevalence of the human infection bears 
a direct proportion to the number of infected rats found, and that the 
extent of the epidemic may he known approximately by the area of the 
localities in which infected rats arc encounteml. 

Our attention is particularly directed to the fact that the fiercest rav¬ 
ages in every epidemic are evidenced in winter rather than in summer. 
This may he due to the resistance which the pest bacillus has to cold, 
although it appears that this point needs further consideration. A par¬ 
ticularly interesting fact is that in both Osaka and Kobe the number of 
infected rodents found during the last two months of 1905 was very large 
as compared with the number of plague patients, and also the statistics 
up to the middle of January of this year show a remarkable feature in 
that there were 240 infected rats against three patients in Kobe, and 179 
against nine patients in Osaka. 

During the present epidemic I have had opportunity to make close 
observations as to the prevailing conditions, and have discovered an in¬ 
teresting fact concerning the habits of the rodent. Rats generally live 
on the ceiling below the roof, but in winter they change their abode by 
removing to the ground just below the floor. Therefore, in order to 
discover the openings which harbor the rodents, the ground should be dug 
to a depth of 1 or 2 feet, the rat-holes are thus exposed and the animals 
can be exterminated. This method, owing to the subterranean habit of 
rats in winter, invariably secures a great number. These animals are 
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gregarious and consequently, if one of their number becomes infected in 
the winter quarters, then many must inevitably fall victims to the 
disease, but obviously there is less danger from rodents which live 
underground* and apart from human habitations than there is from 
those dwelling in the houses themselves. It is for this reason that during 
winter epidemics a very large number of infected rats, as compared with 
human patients, is encountered. 

The weak rodents are constantly menaced and frightened by the strong 
ones, so that the individuals which have been attaked bv plague must 
maintain constant vigilance so as to be able to flee from their pursuers. 
As a weak rat has not sufficient strength to climb a fence or to reach any 
considerable height it is obliged to wander on the surface of the ground, 
thus providing for the spread of plague. 

The large number of children who are infected by playing on the 
ground would seem to emphasize the fact that in this situation the ba¬ 
cillus is most readily encountered. The following table shows the number 
of children infected with plague during the winter epidemics: 


Number of patients. 

1900, 

Osaka. 

1905. 

Kobo. | Osaka. 

Total patient*. ______! 144 

Patient* under 1ft years--- 1 56 

Percentage-- -- -i ax.* 

90 | 134 

36 | 51 

40.0 j 3X.06 | 


From the above it will be seen that the number of patients under 15 
years of age is more than one-third of the total. (See also FI. II.) 
The subterranean and gregarious habits of rats, the sowing of the plague 
germ on the ground, and the large numbers of young patient*—all of 
these are closely connected with winter epidemics. 

It is apparent that measures for killing rats must of necessity involve 
the application of biological knowledge bearing on the habits of these 
animals, but our knowledge in this respect has yet to be perfected. The 
methods of destruction used in Japan to-day consist in the use of poison 
or of traps. Such means have only a temporary effect and the results 
of their use can not he considered to he of sufficient permanence to root 
out the evil. The destruction of rabbits in Australia was undertaken 
in such a way as to produce a permanent effect, and we have much to 
learn from the method involved. It was based on the fact that the rabbit 
is a polygamous animal and therefore if as many females as possible 
could be destroyed by artificial means, the end would he a struggle among 
the males for their possession. The result of such a practice, of course, 
can not be expected in a brief period, nevertheless it is of a permanent 
character. 1 suggest that something of this nature be planned for the 
destruction of the rodents. 









CONCLUSION. 


fn conclusion I desire to suggest what I consider to be an ideal plan 
for combating plague. I believe that the fatal pestilence, however ob¬ 
stinate its ravages and terrible its effects, cbuld be fought and vanquished 
by the persistent efforts of man and 1 also believe that where human endea¬ 
vor, backed by money, is determinedly directed against it, it must yield. 
But the efforts, however laborious, the money, however vast, can be of no 
value unless they be accompanied by the’application of scientific knowl¬ 
edge. The danger of plague invasion through open ports must increase 
in proportion as international commerce progresses and maritime enter¬ 
prise advances. Again, where man has fixed his abode the rodents ac¬ 
company him to share it; and the unwelcome creature becomes the cause 
of the dreadful evil. In ports which vessels from infected regions 
frequent, an epidemic of the pestilence may not be difficult to exter¬ 
minate. But if infection after infection is repeated from fresh impor¬ 
tations the expenditure of large sums of money and much tedious effort 
become involved. In regions like India and southern China, plague 
appears to be deeply rooted, prevailing almost incessantly for several years 
and during each year attacking more than 200,000 victims. It is appa¬ 
rent that wo can not avoid the danger of invasion by the pestilence at any 
moment, so long as we do not cense intercourse with these regions. To 
he content with the mere placing of quarantine on the incoming vessels 
from those places or of enforcing rat killing and other sanitary measures 
in the open ports seems to me to be but imperfect protection. Why not 
extend the combat to the source of danger and destroy the cause of the 
evil permanently? Plague is not only objectionable to the people of one 
locality hut it is an enemy of mankind in general. All civilized nations 
must fight this common enemy. I believe there should be an interna¬ 
tional conference to discuss a plan to collect money and to organize an 
international army to combat and vanquish this disease wherever it ap¬ 
pears. Expeditions should be sent to the interior regions of India and 
south China. The cost of such an enterprise would be only a small 
part of what the civilized nations are constantly expending in keeping 
armies and navies. Even the amount which every country is spending 
for the prevention of the pestilence would suffice. My suggestion only 
lacks a leader, and 1 see that the United States, one of the greatest 
nations of the earth, lias such a leader in the person of its President, 
Theodore Boosevelt, who has already done so much for humanity and 
whose noble works arc being admired by the whole world. 
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OBSERVATIONS ON THE EPIDEMIOLOGY OF 
DYSENTERY IN JAPAN.' 


My K. Skioa. 

(From the Imperial Institute for Infer Hour Diseases, Tokyo, Japan.) 


Before discussing my own work on dysentery I consider it to be advis¬ 
able to give a brief outline of the course* of the epidemic's of dysentery in 
Japan, for 1 believe that in no land other than our own has this disease 
taken such deep root or appeared with such destructive results. Dysen¬ 
tery for a long time has been prevalent in Japan, its beginning probably 
antedating the present time bv hundreds of years, but reliable statistics 
are only available during the last three decades. 

The Japanese Empire extends from 21° 18' to 50° 5fi' north latitude, 
and following the geographical configuration the country is divided into 
seven provinces which, as a rule, are used as the units in statistical work. 
Therefore the* southern portion of Japan is tropical or subtropical, whereas 
the northern part belongs to the cold zone. Aimebie dysentery occurs 
in Formosa, but, up to the* present time, epidemic or bacillary dysentery 
has not with certainty been proven to exist in that island ; in the island 
group at the extreme north (Chitihina )dysentery has not been observed 
at all. The mainland of Japan, on the other hand, is in the temperate 
zone, and it is exactly in this region that epidemic dysentery appears; 
and therefore, for the purposes of this paper, only the mainland needs to 
be considered. This consists of four islands—Kiushu, Shikoku, Honshu, 
and Hokkaido; Honshu is again divided into the western, central, and 
northern province*. The? following table gives the degrees of latitude 
occupied by the regions in question: 

Kiushu: From about 31° to 33° 58' north latitude. 

Shikok u: From about 32° 42' to 34° 34' north latitude. 

Honshu: Western province from about 33° 30 / to 35° 40' north latitude. 

Central province from about 34° to 37° north latitude. 

Northern province from alxnit 37° to 41° 38' north latitude. 

Hokkaido: From about 41° 21/ to 45° 3(K north latitude. 

If we study the course of the epidemics of dysentery in these six 
divisions of Japan we encounter a very interesting picture. In the past 

1 Read before the. third annual meeting of the Philippine Islands Medical Asso¬ 
ciation at Manila, March 3, 1000. Translated from the German by P. C. F. 
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thirty years two extensive outbreaks have traversed Japan from the south 
to the north, the first, and lesser one, beginning in JKiuslm in the interval 
between 1886 and 1885. It was only in 1885 that it extended into 
Slijkoku and in the next year (1886) into the western parts of Honshu, 
from which latter portion of the country it soon disappeared, not reaching 
farther toward the north. The second and larger one, in its movement, 
can be described very graphically. Between 1892 and 1894 a great 
epidemic of the disease again appeared in Kiushu, the number of the 
sick reaching nearly 45,000 to 50,000; in 1895 it suddenly lessened so 
that the patients decreased to about 14,000, and in the next year they 
further diminished to about 6,000. Meanwhile, in 1896 the epidemic 
pushed forward into Shikoku, reaching its maximum in 1894, the number 
affected being 64,600, and from this point it extended into Honshu, 
however, only being observed in the western provinces of this district 
in 1895—that is, two years after its appearance in Shikoku. In 1896 
the disease extended to the central province, and during three years it 
ravaged that district with frightful intensity. Just as it was beginning 
to diminish samewhat in this latter region it: suddenly appeared in the 
western provinces, in which portion of Japan it reached its highest point, 
so that there the number of easi*s reached 60,700 in 1899. Up to the 
present time this great, epidemic has never appeared with any degree of 
intensity in Hokkaido, the northernmost, of the large? islands of the 
Empire, probably because of the cold climate—for in that portion of 
the country we have? only encountered some hundreds of cases in one 
year. 

As has been seen, the great waves of the epidemic of dysentery grad¬ 
ually rolled from the south toward the north, the greatest amplitude in 
one and the same region remaining during one to three years. After 
reaching its maximum, it suddenly diminished, to repeat itself, as sta¬ 
tistics show, at intervals of from ten to twenty years. This interesting 
phenomenon can probably be explained through the immunity to dysen¬ 
tery which persists for a certain time after infection with the disease. 
About thirty years ago (1879) an extensive epidemic of dysentery ap¬ 
peared in the northern provinces of Honshu although, at about this time, 
only a few eases were observed in other portions of Japan. 1 regard 
this outbreak in the north as the termination of a great one which prob¬ 
ably also traveled from the south to the north and which represented the 
ultimate extensions of the epidemic. Owing to these considerations I 
believe the conclusion to he justified that great epidemics of dysentery 
will threaten us every ten to twenty years if we can not limit them by 
modern methods of prophylaxis. A detailed study of the prevalence of 
dysentery in individual localities strengthens this assumption. 

Upon the appearance of dysentery in small cities or villages, almost 
all susceptible, persons contract the disease, so that, in Japan, it is not 
unusual to encounter 5 to 10 per cent of the entire population of a village 
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attacked by the malady; but in this (•vent, no cases, or at least very few, 
appear during the next following year, the epidemic, entering the neigh¬ 
boring hamlets. If, on the other hand, dysentery, during the first year, 
appears only in the late autumn or earlv winter and if only a small 
number ol people are attacked, then in the coming season a large epi¬ 
demic, which, as a rule, will entirely disappear in the third year, must be 
expected. Reinfection, by which the disease is contracted in two suc¬ 
cessive years, is, according to my experience, of very ran* occurrence. 
Among .10,000 patients sick with dysentery I have only observed such 
a recurrence in three or four instances and in these the* first attack had 
been a very mild one. 1 have never observed a reinfection with patients 
in whom the course of the disease had been very seven*. 

The main factors in the spread of dysentery are the hosts (i. e., the 
individuals who convey the bacillus in the intestinal tract) ; and of these?, 
three classes are to be considered: First, healthy persons; second, those 
who have mild cases of dysentery or «d* diarrluca respectively; third, 
convalescent, dysentery patients. 

As is the ease in typhoid, cholera, or diphtheria, perfectly healthy indi¬ 
viduals may serve as hosts for the bacillus without manifesting a single 
symptom of dysentery, but to bring the proof of the presence of the bacil¬ 
lus in healthy stools is extremely difficult; however. Connuli succeeded 
in so doing in three eases which he encountered in a small epidemic of 
dysentery at Metz. During an outbreak of dysentery we often encounter 
patients affected with this disease or with diarrluca, who clinically only 
show the symptoms of a simple intestinal catarrh but in whom dysentery 
can with certainty be demonstrated by baeteriologie methods and such 
eases appear not only in times of epidemics hut also during the cold sea¬ 
sons. So-called winter diarrluea often belongs to ibis category and in 
this way the bacillus is conveyed from person to person. I do not believe 
the organism can live for any length of time outside the human body. It 
maintains its existence therein throughout the winter and if it reaches 
the outside world during a favorable? time in the early slimmer it may 
then cause a great epidemic. We were able? to demonstrate the presence 
of the dysentery bacillus in stools which maeroseopically had a perfectly 
normal appearance and which had been taken from patients one or two 
weeks after their convalescence. The fact IImt dysentery patients who 
were dismissed from the hospital as entirely cured would at times suffer 
a relapse after several weeks, or that the disease appeared in their respec¬ 
tive families, would seem to prove that, the bacillus can be present in the 
stools of convalescents for even a longer time than that given above: 
however, the question as to whether the specific organism can remain in 
the stools of convalescents for years, as is the case with typhoid, is still 
an open one. 

Forster has lately emphasized the fact that the bacillus of typhoid finds 
a permanent; habitat in the gall bladder, from which, from lime to time, 
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together with the bile, it finds its way into the intestinal canal. Such 
an occurrence we have not as yet been able to prove in the case of 
dvsenterr. l)r. Amako in Kobe, made culture's from the bile and spleen 
of 1(> cadavers dead of dysentery, but he never was able to demonstrate 
the presence of the bacillus and these experiments made the assumption 
probable that the organism of dysentery, unlike that of typhoid, can not 
find its way into the circulation. 

TYPES OP DYHKNTKKY BACILLI. 

The etiological importance of the dysentery bacillus as the causative 
factor in dysentery was first proven by Flexner* and by Strong 3 > !t in 
Manila, and the latter author, at that time, had already strictly distin¬ 
guished between two types of dysentery—i. e., bacillary and amoebic. 
The latter type, as a rule, takes a chronic course and aimehm, generally, 
can at all times be discovered in the stools, whereas the former is an 
acute disease the causative factor of which lies in the bacillus of dysentery. 

Kruse, 4 in 1001, first called attention to the fact that an organism discovered 
by him in tier many is not. entirely identical with the one observed in Manila. 
During an epidemic of dysentery occurring in a prison lie encountered a second 
bacterium which differed from the Shiga-Kruse bacillus only in respect to its 
serum reliction; the latter organism lie termed the psoiulodysentery bacillus, 
and this variety was soon thereafter also discovered by Kpronck* in Holland. 
Martini and Lenz" continued this observation of Kruse and even extended it, for 
Lena 7 succeeded in differentiating the Shiga*Kruse stem from the Munilu one 
by cultural methods, in that he demonstrated that the former did not, whereas 
the latter did, ferment mannite which lie had placed in his culture media. Hiss 
and Russell, 1 * independently of Letiz, hut at the same time, showed that a 
bacillus, isolated by them from a ease of infantile diarrhum, and termed 
“bacillus Y,” differed from the Shiga-Kruse stem in its fermentive action on 
mannite, and following this publication a further paper by Hiss” appeared in 
which the author separated the bacillus of dysentery, which he had isolated from 
patients attacked by dysentery and infantile diarrhoea, into three groups based 
upon cultures obtained on media containing, respectively, mannite, dextrose, mal¬ 
tose, saccharose, uml dextrin. Gay 10 distinguished two groups of dysentery bacilli, 
founding his deductions on the bacteriolytic action of and the protection given 
by the immune serum, and finally Hiss, 11 using the fermentative action on the 
above-mentioned carbohydrates, succeed**! in giving a reliable classification; and 

* Phil. Med. Juum. (1900), Sept. 1, 6, 414. Also Bulletin of Johns Hopkins 
Hospital (1900), Oct., 11, 231. 

* .fount. A m. Med. Assoc. (1900), Aug. 25, 35, 49S and 501, also Circulars on 
Tropical Diseases (1901), No 1, Fob., Manila, P. 1. 

* brut. Med . Woch. (1901), 27, 570, 380, 037. 

*' Baum part nen’s Juhresbericht (1901), 17, 473. 

• * Zeit. fiir. Hyp. u. Infect. (1902), 41, 540. 

7 hoc. cit.y 540. 

8 iV. Y. Med, News (1903), Feb. 14, 82, 289. 

u J ourn. Med. Research (1904), new scries, 8, 12. 

,u tJnic. of Penn. Med. Bull. (1903), 16, 171. 

11 hoc. cii. % p. 1. 
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this action nlao accord* with the n^lutiimtion phenomena and the absorbability 
of the ajgrl 11 tines. The following table gives his conclusions: 

Group 1: Ferments dextrose only (Shiga. Kruse, Flexnor’s New Haven bacillus). 

Group >: Ferments dextrose and ninnnito (bacillus Y, Ferran, Seal Ifarlior 
bacillus). 

Group Zt: Ferments dextrose, mannite, and saeehnrosc (Flexner-Strong Manila 
hucillus). 

Group i: Ferments dextrose, mannite, saecharose, maltose, and dextrin (Harris, 
(lay, Baltimore and Wollstein’s bacillus). 

The author, in conjunction with Oh no, lias been working in Japan 
during the past year on the types of flu* dysentery bacillus. As many 
stems of this organism as it was possible to procure wen* sent from 
various regions and these* were accurately investigated. At first we 
studied the power these organisms possessed of causing fermentation in 
mannite and other carbohydrates (dextrose, maltose, saccharose, dextrin, 
and lactose), following the methods laid down hv Hiss, hut, for the pur¬ 
pose of classification, we also took cognizance of four other properties— 
i. o., (a) indol reaction, (b) agglutination, (r) bacteriolysis, and ( tl) pre¬ 
ventive action of the immune sera. The dysentery bacilli could he divided 
into three groups, if the indol reaction is to lx* taken as a criterion, as 
follows: 

Group I: Nonindol forming (Type 1). 

Group 2: Forming indol with difficulty (Type II). 

Group 8: Forming indol with case (Types III, IV, and V). 

Thu third of the above groups forms indol with the greatest readiness 
in a 1 per cent aqueous peptone solution; the reaction appears promptly 
and very decidedly. The? second docs not form indol in this solution 
during one to two weeks, hut gives a weak and inconstant reaction after 
three; however, in a 2 per cent culture a distinct reaction can he observed 
after the expiration of one week. The first does not form indol under 
any ci reumstances. 

The fermentative actions of tlfese dysentery bacilli on mannite and 
other carbohydrates are very complicated and somewhat; variable. To 
judge from these phenomena, Ohno was able to distinguish sixteen 
varieties, among which were six which did not ferment mannite (so- 
called non-acid bacilli) and ten which did (so-called acid bacilli ). (See 
Table IT.) 

The fermentation of dextrose and mannite is constant, hut that of 
maltose, saccharose, dextrin, and lactose vari<*s considerably both qualita¬ 
tively and quantitatively, and so great is this variation that it seems to 
me impossible to give a correct classification based upon this property. 
Owing to this contingency, five groups, the fermentative properties of 
which could be distinguished with some certainty, were selected from the 
numerous subvarieties. (See Table III.) The first four groups in this 
classification accord entirely with those of Hiss, hut in addition to those 
a fifth, which has not boon differentiated by Hiss and other observers, has 
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been added. This type can be distinguished from the fourth one in that 
after twenty-four hours, it gives an acid reaction on a culture medium 
containing nuinnite but this gradually disappears until finally, after 
four days, the medium becomes alkaline and remains so. Therefore this 
type is a form intermediary between the aeid and non-aeid dysentery 
bacilli. 

The agglutination phenomena of these five groups of dysentery bacilli 
on the whole agree with the fermentative action on mannite and the other 
carbohydrates. The rabbit yields a specific immune-serum against the 
different types of the organism, and therefore this animal is recom¬ 
mended for carrying on the experimental work: the goat, on the other 
band, frequently does not give a specific immune-serum, and hence can 
not be employed to so great an advantage; and finally, the immune-serum 
to he obtained from tin* horse is useless for this purpose, as it generally 
gives an unreliable group reaction. Types 1 and V form the two end 
points in the agglutination phenomena; each immune-serum obtained by 
their use has a specific but no common reaction, or, in other words, neither 
one lias agglutino-rcceptors common to the other. Typos 11, III, and IV 
show a gradual transition from one extreme to the other. (See Table 
IV.) The bacteriolysis brought about, by the rabbit immune-serum is 
also not a strictly specific phenomenon, because the serum of one group 
frequently exerts more or less of an action on the others. 

If all of the experiments outlined above are taken into consideration, 
it finally becomes evident that tin* total results of the fermentation of 
carbohydrates, the phenomena of agglutination and those of bacteriolysis 
are not only not entirely in accord but that they even an* somewhat, con¬ 
tradictory. Therefore, from the data at hand it seems to me impossible 
to arrive at a final classification, and consequently, lacking a better one, 
1 will, for the present, retain the division into five groups which 'l have 
outlined ; a discussion of another system arising from the standpoint of 
serum therapy will be entered into below. 

mi*: oeerumiNCK ok special types ok dysenteky bacilli i:\cor\TKKicn 
IN DIE FEU ENT EPIDEMICS. 

As has been shown above, other varieties of dysentery bacilli (para 
dysentery bacilli) exist in addition to the one which was first discovered, 
and these forms, as well as the one originally described, are etiological 
factors in the causation of the disease, so that the important question 
as to the relationship between the first and the subsequent, varieties was 
at once forced upon us. In order to find the answer, the occurrence of 
the various types of dysentery bacilli in their epidemological behavior 
was studied, to accomplish which end 1 obtained many cultures of the 
organisms from various provinces and countries and subjected them 
all to exact study. The bacillus which was first described by me was 
encountered in by far the greater percentage of cases among dysentery 
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patients in Korea, in the Japanese army in Manchuria, among the Kus- 
sian troops in Port. Arthur and the sailors from the ships of the Baltic 
fleet which had capitulated, hut in ihe epidemic in Tokyo and some of 
the provinces of Japan the oilier varieties were met with in much the 
greater number of patients; indeed, the original bacillus was identified 
in only a few of the approximately 2(M) eases which occurred during the 
outbreak of the past year in Tokyo. Dr. Amako, in the same year, in an 
epidemic which raged in the city of Kobe, encountered a very interesting 
experience. In Kobe dysentery first made its appearance in July, at 
first with a few sporadic east's in different parts of the city, and in these 
the varieties of the original dysentery bacillus were encountered exclus¬ 
ively; however, in the beginning of August very large numbers of infec¬ 
tions occurred in the western portions of the municipality and among 
these the original organism itself was almost the only one met with, and 
beginning witli this time it was detected in dysentery patients in the 
most diverse districts of the city, so that subsequently, not only the 
original dysentery bacillus but also its varieties appeared side by side 
throughout whole sections of the city. After this time the infections 
with the original bacillus gradually diminished in number until, finally, 
toward the end of the epidemic the varieties were the only ones which 
could be observed. (See Table V.) 

It is my opinion that the bacillus first, described in ISPS, the date 
when my investigations on dysentery wore begun, was present in by far 
the* greater number of eases, because, if this were not the ease, t would 
have encountered many difficulties in its study, for at that time 1 inves¬ 
tigated hundreds of eases of dysentery by bacteriological methods and 
in almost all I isolated from the stools of the patients the dysentery 
bacillus which I then discussed in the literature, its identification 
being ehieflv by means of the agglutination reaction (for the greater part 
with rabbit immune serum). My original stem is the non-acid forming 
one, identical with Kruse's bacillus. This identity was entirely ac¬ 
cidental. The bacillus discovered in Manila, in 1900 by Flexner and by 
Strong is acid furmimj . hut, on the oilier hand, the organism which was 
kindly sent to me from Manila by Dr. Strong in the past year, was nan- 
arid forming and therefore it is likewise purely accidental that the acid- 
forming variety was first discovered in the latter city. In this connection 
the opportunity should he taken of mentioning eases in which the original 
bacillus as well as the varieties have been encountered simultaneously. 
(Pay and Duval report three, such instances in acute dysentery in adults, 
Hastings two, and finally Duval and Shorn* six in the summer diarrluea 
of infants. 

Finally, the dysenteries which arc caused by the varieties of the bacil¬ 
lus on the whole seem to take a milder course than those occasioned by 
the original stem, although a tolerably high mortality also occurs with 
the former, as will be seen from table. 
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Till-: IMlEPAHATfON' OF a OrUATIVK SKK1TM FOK DYSKNTKUY. 

In conclusion, a few experiments on the preparation of a curative 
serum, based upon work which has extended over more than a year, will 
he given. In a practical way these experiments arc; highly important, as 
the bacilli of dysentery occur in various types which, from the standpoint 
of methods of immunization, are considerably removed from one another. 
For tech ideal purposes, were it possible, it. would he highly desirable to 
prepare a universal serum which would be active against all of the 
dysentery bacilli, by the* treatment of animals with one type of bacillus 
only, l'nfortunately, this can not he done. We have already seen that 
the rabbit immune serum from each of the live is to a certain extent 
specific in its agglutinating and bacteriolytic properties, and it is there¬ 
fore a priori highly improbable that a universal serum could he prepared 
by immunizing with one type only. 

Horses react toward dysentery bacilli very differently from rabbits; 
thus, for example, the horse immune scrum produced with the original 
type of bacillus is also more or less effective toward the others, hut this 
group reaction is not sufficiently great to he of value for therapeutic 
purposes. In immunizing horses I have several times had unfortunate, 
hut instructive, experiences. On one occasion, when the resistance of an 
animal was so high that it could well endure the injection of 25 agar 
cultures of Typos I and II, it was given a similar dosage of Type W 
Fight days thereafter it died of rupture of the liver. A second horse 
received 10 culture's of Type I and II and after fourteen days 15 agar 
cultures of Type V ; thereupon the temperature rapidly rose to ih).l° 
and then quickly fell to below normal. The animal died from collapse 
three days after the injection. These observations seem to show that the 
treatment with Types 1 and II did not protect against Type V. 

After this degression I will once more return to my principal subject. 
After I had first shown that the immune serum of the horse, prepared 
either with the original bacillus or one of the varieties, was not active 
against all types, I continued the work with the purpose of ascertaining 
if a universal serum could be obtained by combining the immunizing 
properties of the original type and one of the varieties. For this purpose 
1 immunized a number of horses with different combinations of dysentery 
bacilli and then tested the immune serum with the different types. 

Tin* method of testing was ns follows: Diminishing quantities of the serum 
were added to the cultures of the dysentery bacilli in five times the fatal doses, 
and the resulting mixtures injected int ra peritonea I ly into mice. A fixed quan¬ 
tity on an accurately calibrated platinum ocse was taken from an incubated 
twenty-four hour agar culture, suspended in an aceurately measured quantity of 
norma] salt solution so that 1 cubic centimeter contained exactly 2 milligrams of 
lmcilli. The immune serum was added to test tubes in tbe following quantities': 
0.5, 0.25, 0.1, 0.05, 0.025, 0.01, and 0.005 and all of the tulws were filled to 1 cubic 
centimeter, after which 1 eubie centimeter of the suspension of the bacilli was 
added; 0.4 of this mixture was then injected intrn peritonea lly into each of two 
mice of 12 to 14 grams weight. As one-fifth of the mixture in the tubes bad 



been injected in cacti instance, then tint mtiiiii in (lie individual doses was ns 
follows: 0.1, 0.05, 0.025, 0.01, 0.005, 0.0025, and 0.001. Tlic result was taken 
after twenty-four hoiiix. 

It is necessary to remember that dysentery bacilli very rapidly lost? 
their virulence, so Hint, after some weeks’ standing they are already not 
appropriate for the purpose of testing sera; however, l have succeeded 
in maintaining their virulence successfully during more than one year 
by placing the cultures of the strains in the refrigerator immediately upon 
their isolation. When they are to la* used some of this culture is retrans- 
plantod to agar. 

A few examples of my numerous experiinenls with dilTerent sera are 
given below. (See Table VI.) The third type of the* baeillus is Ineking 
in this table, as the eultures which 1 had at my disposition had already 
lost their virulence and were therefore no longer available for animal 
experiments, but I have shown in other instances that Type III is acted 
upon almost as well by serum from Typo II as is the latter bacillus itself. 
As the table demonstrates, the serum from Type I more or less affects 
Typos IV and V, that from Type 11 feebly acts upon Typo I, and is 
almost without effect upon Types IV and V, but, on Hit; other hand, 
Types IV and V an* closely related to each other, so that a serum from 
out 1 of these acts almost as well upon the other as it does upon itself. 

The above experiments show that a universal serum can In* obtained 
by mixing the immune serum secured from Types 1 and 11 with that 
from I and IV. It is true that if we take throe horses and immunize one 
of them against Type I, the second against Typo II, and the third 
against Type IV, and then mix the sera prepared from all three, we 
also would obtain a universal serum, hut tin* disadvantages of this 
method would consist in the fact that the individual liter of each serum 
would he reduced to one-third of the value; which it. would have if it alone 
were present. 

For the purpose of immunizing horses the alternating separate injec¬ 
tion of cultures of two types is recommended. If a mixture of the two 
is used, serious suppuration at the point of injection generally takes 
place, with the result of greatly reducing flu* acquired immunity. It is 
also true that as high an immunity is not obtainable if the two types are 
kept separate hut injected simultaneously on both sides of the animal 
as if they were given in alternate doses, because then the (plantity ol any 
one used would only he one-hall ol the total. It must also be borne in 
mind that horses an* very susceptible toward the original type, whereas 
they can very well endure the varieties: therefore the immunization can 
he; forced about twice as far with the latter as it can with the former. 

Owing to these considerations my advice is as follows: To immunize 
two horses simultaneously, the one with Types 1 and II, the other with 
I and TV, as soon as a high immunity is reached, serum should be taken 
from both and mixed in equal quantities. By this means the best 
universal serum can be obtained. 
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A CONSIDERATION OF SOME OF BAIL’S RECENT VIEWS IN 
CONNECTION WITH THE STUDY OF IMMUNITY AND 
A COMPARISON OF THE VALUE OF PROTEC¬ 
TIVE INOCULATION WITH AGGRES- 
SIN WITH THAT OF VACCINA¬ 
TION IN PLAGUE.’ 


Uy Richard 1*. Strong. 

(From the Biological Laboratory , Bureau of Science.) 


One of the more important studies on the subject of immunity appear¬ 
ing (luring the past year, and one which has attracted a large amount of 
attention, has been that oC Bail, 2 published in several recent numbers 
of the Archiv. fur Hygiene. In the introduction to his iirst paper, after 
discussing the question of the relationship between bacteriolysis and 
immunity, lie suggests that either the immunity which enters into the 
animal body in the process of obtaining a bacteriolytic serum represents 
a false immunity—i. e., not a true resistance against the disease itself, 
but only one against its cause in the particular form employed—or that 
in reality it represents a true immunity, tin 1 special nature of which, 
however, arises in something else than bacteriolysis, which is merely an 
accompanying phenomenon. He further calls attention to the fact that 
during almost eight years, experiments have been carried on with the 
expectation of being able to explain the non-infoetivo power of an animal 
through the processes of bacteriolysis, but he points out that apparently 
the conclusion should he readied that the germ-killing properties of the 
body fluids are primarily without value in interpreting the actual proc¬ 
esses of immunity, in support of Ids views attention is called to the 
fact that the rabbit, whose blood serum usually possesses a powerfully 
antagonistic action against the anthrax bacillus, is susceptible to the 
disease anthrax, while the fowl, whoso blood shows the opposite prop¬ 
erties, is insusceptible, lie also alludes to the fact that while im¬ 
mune bodies against this affection could usually be demonstrated in 
the blood serum of other animals, the proof of a regular relationship 

'Head March 3, 11HM1, before flic third annual meeting of the Philippine Islands 
Medical Associat ion. 

2 Oskar Hail: Archiv. fiir Uyyicnc (I 005), 52, *27*2; 53, 275; 53, 302. Also 
Deutsche Mcdizin. Wchnschr . (1005), 31, 1471, 1788. 
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between the quantity present and tin* susceptibility of the particular 
animal in question has failed entirely. Thus, for example, the serum 
of the sheep often contained very small amounts of immune bodies, that 
of the rahbit very much larger ones, and that of cattle extraordinarily 
large quantities of these substances. However, all of these animals have? 
a nearly equal susceptibility for anthrax. 

Ibiil in addition, calls attention to the very significant fact that those 
experiments, performed with bacteriolytic* serum in the test tube 1 , in 
whic h in order to approximate the* conditions encountered in the animal 
body the cells of fresh organs were* added to the serum, revealed the 
interesting result that the* bactericidal properties of the serum disap¬ 
peared or were* greatly diminished. A somewhat similar phenomenon 
had also been observed in luemolvsis by Von Dungcm," Wilde, 4 Hoke, 5 
and others which was explained by these authors as being due to other 
processes. .However, Hail insists that it is of little* importance whether 
this ineffectiveness is conditional upon a failure of immune bodies or of 
complements, since the chief fact remains that the* phenomenon of 
bacteriolysis is immediate*!}' suspended as soon as there exists in the test 
tube* a condition somewhat similar to that encountered in the internal 
organs. In opposition to Von Dungern and Wilde lie* claims that there* 
are many reasons why this process of bacteriolysis, which results in the 
test tube, must fail in the animal body, and he emphasizes the* warning 
that, in every experiment, a careful consideration should he give*n to the* 
results before the conclusion is reached that the bacteriolysis to he* 
observed in ritro will explain the relationship which exists in the animal 
body. He also e-alls attention to the fact that in the ease* of anthrax if 
was soon shown that neither within the body of the* naturally immune* 
fowl ne>r in that of the artificially immunized rabbit did any process 
e>ccur which resembled the bacteriolysis observed in the* test tube with 
anthrax haccilli and immune serum, nor eliel an anthrax protective serum 
from another animal possess any hacterie-ielal properties against this 
organism. Therefore, he reasons that the idea of the possession by an 
animal of a blood and serum with bacteriolytic powers being looked upon 
as the reason either for its artificial or natural immunity against anthrax 
must, bo abandoned. Hail aelmits that, after a certain time, the death 
of the inoculated organisms must take place in the body of an immune 
animal, but he maintains that this process is tin* result not so much of 
the action of the hodv fluids, as of that of certain cells, particularly those 
of the hone marrow, and that it is not, as is the ease when* serum in a 
test tube is used, a quick one in which large numbers of bacteria are 
killed hut on the contrary a relatively slow process accompanied by a 

* Y\ Dmigmi: MUnehtn Med. Wvhnschr. (1000), 57, 077. 

4 Wilde: Iter I. Min. Wchnschr. (1001), 38, 87H; Archie, fur Ihjfjicue (1002). 

44, 1. 

"Hoke: f'nitrulbl. fur Huktcriol. Orig. ( 1003), 34, 002. 



gradual diminution o| the organisms. In addition, la* concedes that tlu* 
observations outlined above wore formerly considered to ho o! r value only 
in regard to anthrax, hut ho argues that since the certainty of haotorioidal 
immunity in anthrax formerly seemed to be generally accepted, that now, 
from its failure* in this disease, doubt was thrown upon the value of 
bacteriolysis in other infections—for example, in typhoid and cholera. 
The author relers to the further work of ||okc,“ who in an extensive 
series of experiments with different bacteria, demonstrated that when the 
bacteriolysis was performed in the test tube in sueh a manner that the 
conditions approximated the* relationship which existed within the organs 
of an animal, the natural germ-killing power of rabbit serum either was 
greatly diminished or was entirely eliminated: and further, that after 
the addition of cells of organs to an entirely fresh serum, not only as 
in the ease* of anthrax did the action of the immune* bodies fail but that 
of the complements as well. If. argues Bail, the bacteriolytic action of 
normal serum against the typhoid bacillus according to these experiments 
occurs with sueh difficulty in the rabbit's- body, then just, as little as in 
the case of anthrax can the natural bacteriolysis possessed by the blood 
of this animal against this bacterium lu* considered as the reason for the 
natural resistance* of tlu* rabbit against typhoid infection: and also, since 
according to the generally accepted opinion, the development of artificial 
immunity in typhoid depends only upon this definite tendency toward 
an increasing bacteriolytic power in the body fluids, them this power must 
either behave 1 in a manner entirely different from the bacteriolytic one 
of normal serum, or it also can not he regarded as a reason for the 
explanation of the immunity. .However, it lias from the first clearly 
been shown that no dilferenee in action between the two could he demon- 
strut ed, at least in test-tube experiments. 

Bail next compares the phenomena, of resistance and of immunity and 
cites experiments in which by the injection of bouillon, of different 
bacilli, etc., into the abdominal cavity of guinea pigs, insusceptibility 
against a number of different organisms was obtained. An exudate 
containing many leucocytes usually results from these injections and 
although lMViffer 7 has pointed out that such inflammatory effusions are 
rich in amboceptors which hind the bacterial receptors. Bail maintains 
that in sueh fluids the most marked, active process causing the destruction 
of the bacteria is not a bacteriolytic hut a phagocytic one* and that the 
bacteriolysis carried on outside of the* colls is comparatively insignificant. 
In support of this statement he describes two experiments in detail. In 
the first, a guinea pig was given a small dose of cholera immune-scrum 
subcutaneously and at the same* time one of living cholera spirilla intra- 
pcritoneally. In tlu* second, another animal received exactly the same 

■ Hoke: Zinvkr. fur llcitk. (l!KM). 25, ll>7. 

1 Pfeiffer: Komjnss in Jtrusscls, Pfriffcntvheti Hi ft rates iind Srhlussf fihfrrunif , 
17, &"». Kef. Hail, Archie, fur lhj<jiene I 52, *27H. 
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inoculation as the first, but in addition 5 cubic centimeters of aleuronat 
was previously injected into the abdominal cavity. The second animal 
remained alive, and there was marked evidence of extensive phagocytosis 
in the abdominal cavity that did not occur in the case of the first animal, 
which (lied. 

Bail assumes the position that this difference in behavior was depend¬ 
ent in the second case not upon an increased killing power of the fluids 
outside of the cells—i. e., upon bactericidal action—but that the resist¬ 
ance of the animal depended upon the degree of phagocytosis. He then 
describes experiments to show that,whereas the destruction of the typhoid 
bacillus under the proper influences may take place very quickly within 
the abdominal cavity of a guinea pig, within the organs of the same 
animal an identical result is certainly not observable. 

In his further attack upon the significance of bacteriolysis, he points 
out that sera, such as were produced by Sobernheira in the treatment of 
animals with anthrax cud cm a and which showed high protective value, 
evidenced neither agglutinating nor bactericidal properties: whereas rab¬ 
bits and large guinea pigs, inoculated subcutaneously or intraperitoneally 
for a long period with anthrax cultures grown at 42° C. or carefully killed, 
furnished sera which had a distinct if not very powerful agglutinating 
action (1-500), hut, although in vitro their value in immune bodies was 
about three times this strength, they revealed no protective power for 
rabbits, even when the serum was injected at the same time with the 
bacteria. Moreover, the animal which furnished the best serum possessed 
no true immunity* since it succumbed within three days after a subcu¬ 
taneous inoculation of less than 1,000 anthrax bacilli. Bail chairns a 
somewhat similar relationship in typhoid fever and cholera, though he 
admits that there are certain differences with these diseases, owing to the 
fact that the cholera spirillum and the typhoid bacillus belong rather to 
the group of half, or facultative invasive, parasites for animals, or 
indeed, perhaps stand nearer to the saprophytes in contradistinction to 
the anthrax bacillus, which may he considered as a true invasive parasitic 
organism. lie argues that when the above facts arc all taken into con¬ 
sideration it is easy to understand why agglutinating and bacteriolytic 
sera rnay be obtained by the inoculation of an entirely avirulent cholera 
culture; since in this instance also we obtain immunity against the bacil¬ 
lus but not against the disease itself. 

After insisting further upon the fallacies of the consideration of bac¬ 
teriolysis in its relation to true immunity, many of the details of which 
can not be. entered into here, Bail takes up the discussion of the “aggres- 
sins.” As is well known, Kruse 8 originally particularly advocated the 
idea that, in their various relations with living tissues, pathogenic bacteria 

“Kruse: lieitr. zur path. Anal. u. z. allg. Path. (1893), 12, 333. See also 
Uail : Centralhl. fiir Bakteriol. Orig. tW04), 36, 200, 397. 



form chemical substance* in their protoplasm which so act upon the cells 
and fluids of the animal for which the organism is pathogenic that they 
overcome its natural resistanee against the infection. This author at 
first designated these substances as lysines, bill, owing to the fact that 
this term came to he employed in a different sense, he together with Bail 
more recently proposed for them the name of ‘‘aggress in s/- 

Bail also points out that a bacillus must injure and overcome the ani¬ 
mal's natural protective power in order to survive in the body of an 
animal and produce its particular disease. This it is able to do by means 
of its aggressive properties, which depend upon a certain substance which 
may be designated as “aggressin. ,J These aggressing he believes are only 
to be formed by the bacteria in the animal body and they are particularly 
to he encountered in pathological fluids such as (edemas and exudates 
which result from the inoculation of the different micro-organisms. 
Thus, anthrax aggressin is contained in the (edematous fluid resulting 
from the subcutaneous injection into animals of the anthrax bacillus, 
whereas in the exudate which forms in the abdominal or pleural cavity 
of the rabbit, or guinea pig, following the inoculation of the typhoid bacil¬ 
lus or cholera spirillum, typhoid or cholera aggressin is met with, lie 
maintains that when these different exudates were carefully centrifugal- 
ized and thus freed from all the animal cells and most of the bacteria, and 
were then sterilized, in each instance a dear, yellow fluid resulted which 
contained the particular aggressin. For these substances he emphasizes 
the following distinctions: 

First. Noil-lethal amounts of cholera and typhoid bacteria, when 
injected into the animal simultaneously with the corresponding aggres¬ 
sin, cause the death of the animal; that is, the aggressin stimulates the 
bacteria to the production of toxic* substances in such <piuntitics that the 
animal succumbs. 

Second. Fatal doses of these bacteria, which, however, give rise only 
to comparatively mild or subacute infections, produce with the aid of 
aggressin very severe and acutely fatal ones; lienee the aggressin must 
aid the bacteria favorably in their struggle against the animal during the 
course of the infection. 

Third. By injections of aggressin into the abdominal cavity of animals, 
the protective action of a bactericidal serum may be suspended. 

Fourth. Bv the injection of aggressin an immunity is obtained which 
differs widely from bactericidal immunity. 

I believe Bail lias by bis extensive experiments undoubtedly demon¬ 
strated that results somewhat similar to those outlined in these conclusions 
occur for several infections, although it would appear that in typhoid fever 
and cholera his so-called aggressin immunity depends chiefly upon bac¬ 
teriolysis. However, as T shall point out further on, the results of all of 
his work with these substances are apparently in great part dependent, 
upon the action of and explained according In entirely different processes 



from those he' has outlined. Noteworthy among other specific qualities 
mentioned for the uggressins is the fact that heating for one-half hour 
at f)5° to (»0 • destroys their action, while sterilization with chloroform, 
toluol, and dilute solutions of carbolic acid weakens it. Bail found that 
injections of aggressin alone wore not particularly poisonous and never 
acutely caused death in animals. In east' a fatal dose lmd been inocu¬ 
lated, there was always a prolonged illness with marked loss of weight. 
Not all of the exudates lie produced contain aggress in an it was found to 
vary considerably in quantity in the different ones, but was usually likely 
to he present in largest amounts in the effusions which were rich in cells. 

In his conclusions in regard to the aggressins he emphasizes the fact 
that their action can not 1 m* explained on the assumption of their being 
anti-complements or anti-immune bodies, soluble bacterial substances, 
free receptors, etc., hut they must be considered as new substances which 
have heretofore been unrecognized and which are formed by the bacteria 
in the living organism during the course* of the infection. 

The great practical importance of Bail’s observations, apart from their 
theoretical interest, can immediately he* seem. Index'd, what Im has 
maintained is that our ideas in regard to immunization with a number 
of different bacteria, anel our method of obtaining immune se*ra, are 
erroneous; that in the production of such sera wo have treated the* 
animals merely with the bacteria or with bacterial products obtained in 
artificial and inanimate media, and not with tlu* weapons by means of 
which the* bacteria carry on the* combat in the living body, namely, by 
means of aggressins. In this manner he c laims sera to have been obtained 
which act upon the* bacteria hut not upon the* aggressin, and he even goes 
further and states that a true immunity against the* elise»ase*—that is, a 
really active scrum—can only he obtained from the injection of the* living 
organism under the influence of aggressin. In this manner, not an 
anti-scrum against the* bacillus hut one against the aggressin, hence an 
anti-aggressin serum, is produced. Therefore, for the production of the 
true immunity he insists that tin* animal must he* inoculated with ag¬ 
gressin—i. e., with the body fluids of an animal which has succumbed to 
the particular infection. 

As has been mentioned, the work of Bail soon attracted the attention 
of other observers, and both Wassermann and Pfeiffer published articles 
relating to his studies. Pfeiifcr and Friedbcrger, in their recent work 
entitled “Weitere IJntersuchungen l-eber die Antagonistische Wirkung 
Normalcr Sera,” u have? particularly considered the statement of Bail that, 
by intraporitoneal injections of an animal exudate containing aggressin 
into a guinea pig, the action of a bactericidal immune scrum introduced 
at the saim? time could bo entirely suspended. That, such a suspension 
of the bacteriolytic process of an immune serum does take place within 


" Pfeiffer and l ,, iii*dln , rgt*i‘: Oeuturhe Mcdizin. WcliNHchr. (190f>), 31, 1145. 



the abdominal unvitv of an animal, when tin* bacteria which were tested 
were previously treated with normal serum of another animal. Pfeiffer 
and Friedbcrger hud already previously shown. 1 " in their most recent 
article they emphasize that this phenomenon can not he explained upon 
the aggress in hypothesis of Bail. They also show that it can not he 
elucidated upon the assumption that, when the normal serum is added 
to the bacteria, soluble substances, the live receptors of the organism, an* 
taken up by tlu* scrum; and moreover that its action does not coincide 
with the theory of Sachs of complement deviation, which was suggested 
for the explanation of what at first appeared to he a similar process 
observed in luemolysis. 

Pfeiffer and Frcidhergcr on the contrary believe that this antagonistic- 
action represents tlu* fundamental properties of a normal serum, and the 
subject, therefore is one* of very great significance in the processes of 
immunity. While* it must he added that all observers do not accept their 
explanation for this phenomenon, notably among them (Jay, 11 who believes 
that the explanation lies in the fact that specific scrum-precipitates 
which are* aide* to fix alexine are* present, nevertheless it sevms entirely 
clear that the process can not he* satisfactorily explained according to the* 
aggressin theory e>f Bail. Wassermann and Titron ,a in their paper have 
cnnsiflcrcd the* question which is apparently of most practical importance* 
in its relation to Bail's studies, namely, whether in the infected organism, 
in tlu* conflict between the invading-bacteria and the* cedis of the host, a 
substance, aggivssin, actually is formed, ami whether this in reality is a 
new suhstance* and erne* which, as yet, we have not hee*n able to de»monstrate* 
in our investigntions of the living bacteria outside* ed* the boely. 

As Wassermann has re*marke*el. if this is the case then the further 
conclusions <d‘ Bail must he* acknowledged, namely, that by me*ans e>f 
aggressin an anti-nggre k ssin se*nnn can he obtained which will pe>sse*ss dif¬ 
ferent; qualities frenn those sera previously obtained by other methoels anel 
which, perhaps, may act against the* infection in a me>re* favorable manner. 
Wassermann and Pitrun first performed experiments relating t«) this 
subject in exactly the* same* manner as Bail Irnel re*ceimiue*nded and found 
that they could confirm his work. They next investigated tile question 
as to whether these substance's, te*rmeel aggn*ssins, wen* to he* founel only 
in the living organism as a result of the infection. Their experiments 
were performed with typhoid, hog-cholera, and swine-plague bacilli. 
Sterile* exudates produced in rabbits by tlu* injection of aleuronat were 
collected in glass vessels in an aseptic manner and their sterility proven. 
The living bacteria were then added to the* exudates and were placed in 
an incubator at for twenty-four hours, 'flu.* mixtures were next 

centrifugalized and the clear fluid drawn off from above and sterilized. 

10 Pfeiffer unci Fricdbergw: Deutsche Mcdiziu. Wchnschr. (l!)Of>), 31, 0. 

11 (l«y: C'cntratbl. fur Hnkteriot. Orig. (1005), 39, 003. 

12 Wiissn-iiimiii uiid Citron: Deutsche Mcdiziu. Wchuschr. (11105), 31, 1101. 
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These exudates, after this treatment, showed exactly the same aggressin 
action as those which were produced by the occurrence of the infection 
in the living animal. Similar experiments were now performed with 
rabbits’ normal blood serum to which the bacteria were added (in vitro), 
the mixtures being further treated in the same way. These sera also 
showed properties similar to those of the aggressins. Finally, the bacteria 
were merely suspended in distilled water, thoroughly shaken, sterilized, 
and separated by ccntrifugalization from the fluid; the watery extracts 
which were, thus obtained and which contained the soluble substances of 
the bacteria also possessed exactly the same action as did Bail’s aggressin 
exudates. Therefore, Wussermann and Citron conclude that the so-called 
aggressins of Bail have nothing to do with the living animal organism 
and that they are not new bodies but merely dissolved bacterial substances, 
with the immunizing properties of which we have long been familiar. 

Shortly after the appearance of his first paper, Bail and his pupils and 
associates published further articles demonstrating that high and un¬ 
doubted immunity could be obtained in animals by the inoculation of 
these so-called aggressin exudates. Bail demonstrated such results for 
typhoid, cholera, and anthrax infection, while Kikuchi t:< showed that by 
the use of dysentery aggressin guinea pigs could be immunized against 
infection with dysentery bacilli and rabbits against the action of the 
dysentery toxin. Still more important were the results obtained by 
Weil 14 in the immunization of animals against chicken cholera with 
aggressin exudates. The difficulties in obtaining active immunity against 
luernorrhngie septicaemia have* for a long time been well recognized. 
Inoculations with attenuated, living cultures have proved to be very 
unsatisfactory and Voges, JC using killed cultures, obtained unfavorable 
results. However, Kitt,™ who employed the o-demntous fluids from 
animals dead of the affection, had better success. The production of a 
protective immune serum for this disease has also been dillicult; indeed, 
several observers have maintained that hitherto a method of obtaining 
such a satisfactory serum has not been known. However, with the 
exudates containing aggressin, collected from the pleural cavity of animals 
infected with chicken cholera bacilli, Weil was able to immunize other 
animals and to obtain a protec tive immune serum of high potency. He 
[joints out that tlu; action of this serum is not bacteriolytic but that 
it possesses anti-aggressive properties. As intimated, Weil's experiments 

1:1 Kikuclii: Archiv fur Hygiene (1005), 52, 378. Ibid. (1005), 54, 207. .Sec* 
also the articles of Von Hoke on “Aggressive wirknng von Pnoumnknkken unci 
Sfaphylokokken Kxsudat,” Wiener Klin. Wvhnschr. (1005), 18, 348, mid Zlschr. 
fur Hygiene (1005), 50, 541, und of Sal us “das Aggressin des Colilmctcriiini,” 
Wiener Klin. W'chnschr. (1905), 18, GOO. 

14 Weil: Archiv. fur Hygiene (1905), 52, 412. Ibid, (1905), 54, 149. 

,tl V’ogOH: Zlschr. fiir Hygiene (1890), 23, 149. 

1,1 Kitt, Kollo, und Wnssornmnn: ltandhueh d, palhogenen Alikroorganismvn 
(1904), 4, 909. 
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have also demonstrated that, In- Clio injection of the nggressiu exudates 
into animals, a higher immunity against chicken cholera resulted than 
had been obtained by any other metliod. 

However, hardly three months ago. Citron, 17 working in Wassermann’s 
laboratory, published experiments which showed that with sterilized 
aqueous extracts of the hog-cholera and swine-plague bacillus, he was 
also able to obtain a similar immunity in animals and to produce an 
immune serum which was of equal value with and which acted in a 
manner exactly similar to ail anli-aggrcssin serum. He points out that 
the aggressin immunity is therefore not an immunity sui generis. 
Finally, in the last paper to appear from llucppo’s 1 listitut (in which 
laboratory all the work of Hail and his associates has been carried on), 
the announcement is made by Ilueppc and i\ikuchi J * that successful 
results have been obtained in the immunization of guinea pigs against 
plague infection hv repented inoculations with exudates containing plague 
aggressin. The experiments which are related bricilv are very few in 
number, but the authors mention that in this paper it is their intention 
merely to call attention to the priority of the use of this method of 
immunization of animals against plague. 

Up to the present time we were aware; of no other reasonably sure 
method of immunizing guinea pigs against plague infection except by 
that one in which the living, attenuated plague bacillus was inoculated. 
Upon this subject I have recently reported in detail in the PnILTPI'INK 
Joihnal of SriicxcK. 111 From numerous experiments on animals I lmd 
found that the living, attenuated plague bacillus caused higher immunity 
than the dead cultures of this organism in any form. However, while 
the method of vacciimtitm was by far the most favorable! one for prac¬ 
ticable immunization, it could not perhaps, he said to he absolutely 
satisfactory from an experimental standpoint, because the single inocula¬ 
tion of a large dost; of an avirulent plague culture, of such attenuation 
that it is never capable of causing the death of an animal even in very 
much larger amounts, does not invariably protect the animal against 
subsequent plague infection. 'Thus, with monkeys, from (it) to SO per 
cent of the different series of those vaccinated with such a culture pos¬ 
sessed high immunity and survived a subsequent inoculation of a multiple 
lethal dose of the virulent post bacillus, but the remaining *20 to *10 per 
cent were not thoroughly immunized by the single vaccination find suc¬ 
cumbed to the subsequent injection of the virulent, organism. By using 
more virulent cultures for vaccination a higher percentage of animals was 
protected. However, in order thoroughly to immunize a greater propor¬ 
tion of the monkeys, it was necessary to use cultures of such virulence that 

11 Citron: Vvnlralhl. fur Haktvriol. Orig. (1006), 40 , 010. 

,H lluoppe mid Kiktidii : (Jcutralbl. filr Itoktcriol. Grig. (1006), 39, 01 0. 

"Strong: Philip pin*' Journal of Srirncr, (1000), 1, 181. 
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some of tlic iinimals succumbed from tin* result of tin? vaccination itself— 
i. they died of a true plague infection, lienee tin* limit of safety had 
been passed. Naturally, only cultures which were invariably non-fatal 
for animals could he employed nr recoin mended for use in human beings, 
and with these cultures it has been possible to render immune, by a single 
inoculation and a moderate dose, only from (>0 to 80 per cent of the ex¬ 
perimental animals. 

Therefore, when the announeement was made that, by immunization 
with repeated doses of aggressin, guinea pigs could also he protected 
against plague infection, the importance of this claim was readily ap¬ 
preciated, and I determined to convince myself of the value of this 
method and at the same time to discover if guinea pigs, perhaps the most 
susceptible of all animals to plague, could not he immunized with cer¬ 
tain bacterial extracts of the plague bacillus, particularly since the 
method of immunization with animal exudates as it is recommended by 
Bail can not be considered practicable for the inoculation of large 1 
numbers of people. In this connection it may he mentioned that by 
experimental work I had already found that an extract of the plague 1 
bacillus obtained in a manner similar to that already employed in this 
laboratory in the manufacture of our cholera prophylactic aw from the 
cholera spirillum was not sufficiently potent, since not over 10 per cent 
of the animals inoculated with large doses thereof proved to lx* fully 
immune. I therefore determined to modify this method and to employ 
such means as would injure the chemical substances of the plague ba¬ 
cillus as little as possible during the process of extraction. For this 
purpose a procedure similar to that suggested and used hv Wassernmnn 21 
for the purpose of obtaining immunizing substances from typhoid and 
ling-cholera bacilli, and employed in a modified manner by Bricgor, 
Bassenge and Meyer, 22 was chosen. 

Cultures of a strain of the plague bacillus of the highest obtainable 
virujenee were grown upon the surface of large* test tube's of agar during 
forty-eight hours at 30* C. The growth was ilie*n suspended in distilled 
water, 1 cubic centimeter of water being employed for each 30 mil¬ 
ligrams of bacteria (a very concentrated suspension). The resulting 
mixture was then placed in a sterilized bottle and fustened upon an 
electrical shaking machine and thoroughly shaken for five* days. At the 
e*nd of this time it was removed and heated at 44 to I.V’ (\ for one 

‘"Strong: American Medicine (1903). 6, 272; Publications Biological Labora¬ 
tory^ Bureau of 1 tavern went Laboratories (1004). 16, 1; Journal of Infectious 
Diseases (1005), 2, 107. 

21 \Viisse*rinann mid Citron: Deutsche Uedizin . Wehnse.hr. (1005). 31. 1102. 

Bridge*r: Sonclertilirirtiek nils don Yerhnndlunyen des deulsehen Kotoniatkon 
greuses (1005), Sektion 2, 1N2; nlno Brieger und Moyer, Deutsche Medhrii. 
Wchnschr . (1004). 30, 0H0; Hnssrngt' and Meye*r. Vent rath. fur Bakteriot . Aid. 1 
(1004), 36, 332. 



hour, lor tin* pur pose* of killing the remaining living bacteria; O.o per 
cent of carbolic acid was then added in order to complete the sterilization. 
After standing fwentv-four hours the fluid was centrifugalized for five 
hours at a velocity of 4,000 revolutions a minute. Tlu» clear fluid above 
was then pipetted from the bacterial sediment. 

The liquid obtained by this method is perfectly clear and amber 
colored, and, if the process has been carried on with sufficient can*, it is 
sterile. .Intraperitoneal inoculations into small guinea pigs of as large 
a dose* as •> cubic centimeters has in these animals in several instances 
produced convulsions which lasted lor an hour or more hut from which 
the animals have always recovered. It seems very likely that these 
symptoms owed their origin rather to tin* small yet appreeiahlc amount 
of carbolic acid present, rather than to the extracted substances of the 
bacilli. A number of experiments have been performed in which aiiujlr 
injections of this fluid in doses of from 2 to •*> cubic centimeters in 
guinea pigs and from 1 to 5 cubic centimeters in monkeys have been 
made. Since the development of pest immunity takes place slowly, the 
animals were not tested with the virulent pest, organism until fifteen 
days after the injection of the fluid. In my last series of inoculations 
with such an extract, comprising fifty-three animals, none of the guinea 
pigs 23 and hut per cent of the monkeys, on subsequent inoculation 
with a virulent plague bacillus, proved to he immune. Therefore, the 
results in immunization with this extract of the plague bacillus in this 
series of experiments tit least are not nearly as good as those* obtained 
with the living organisms of sufficient attenuation to lie used for human 
inoculation. Hence, immunization with tin* attenuated living plague* 
bacillus must he* acknowledged as being superior to that in which these 
extracts are employed, and thercl'nre \aeeinaliem must still he consielercel 

Tlie* met hod employed in testing the immunity of the guinea pigs in these 
experiments was a severe one. 'Pin* shaved abdomen of the animal was scarified 
with a sharp knife, three parallel ineisions being made through the dermis. The 
abdomen in this region was then thoroughly massaged with a portion of a 
spleen of a guinea pig which had (lied a few hours previously of plague infection 
produced with a plague organism which had passed successively (without growth 
on artificial media) through over lf»0 animals. Portions of the .santr spleen which 
were known to eontnin very large numbers of plague bacilli were used for all 
the iiioeulatioiis. The abdomen was scarified and the test thus made severe in 
order to demonstrate whether this method of immunization in which the extracted 
substances of the bacillus were employed was superior to that ill which the living 
attenuated organism was used. However, these experiments are not to he consid¬ 
ered as final in relation to the value of immunization with the free receptors of 
the plague bacillus as a further study of this subject with certain modifications 
of method, is at present being pursued. Moreover, having failed to immunize 
guinea pigs with single injections of this extract. I shall naturally mow endeavor 
to demonstrate whether it is possible to immunize these animals with repeated 
doses, both of it and of the animal eAiidates such as llueppc and Kikiichi 
employed. 
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the most satisfactory method for use in human protection against plague. 
However, my experiments have shown that with an extract of the plague 
bacillus 1 have been able to produce in monkeys a certain degree of 
immunity against plague infection, similar to that brought about by 
Hueppc and Kikuehi with peritoneal exudates from animals dead of 
plague, but since the extract I have obtained, while it exerts an action 
similar to that of the so-called aggressin exudates, is prepared by a 
different method, namely, from the bacteria which have been cultivated 
outside of the animal body and which have not been acted upon by an ani¬ 
mal exudate, I shall propose to call it merely plague bacillus extract. In 
regard to the use of the term “nnti-aggressin” for those sera obtained 
during the process of immunization against such diseases as anthrax, 
rinderpest, plague, etc 1 ., and in which diseases it. 1ms long been recognized 
that there is no true bacteriolytic immunity, it would appear that the 
previously proposed term of anti-infectious sera would answer as well if 
not better. The nggressins in spite of the work of Bail and his associates, 
must still be regarded as hypothetical substances. 



A STUDY OF THE BLOOD IN DENGUE FEVER WITH PAR¬ 
TICULAR REFERENCE TO THE DIFFERENTIAL COUNT 
OF THE LEUCOCYTES IN THE DIAGNOSIS 
OF THE DISEASE. 


By K. R. Stitt. 1 

(From the Laboratory of the United States Naval Hospital , Canaoao , P. I.) 


Dengue resembles a composite photograph in that it is by adjusting and 
subordinating the symptomatology that one arrives at a diagnosis of the 
disease—the moment one symptom stands out preeminently, there is a 
strong probability of mistaking dengue for some other affection. In 
proof of this statement may be instanced a few cases which have been 
observed during the past six months and in which at first another disease 
had been diagnosed. 

1. A case presenting unusually severe pains about the regions of the knees 
and wrists. This was diagnosed as acute articular rheumatism. A careful 
examination failed lo show any swelling nnd the pain was more associated W'ith 
the structures adjacent to it than with the joint itself. A rapid survey of the 
other, hut less pronounced, symptoms, together with the blood examination, 
showed the case to be one of dengue. 

2. A case where there was a gradual, step-like rise of temperature with an 
unusually heavily coated tongue and a marked right iliac tenderness. It was 
only when a most characteristic rash appeared and the temperature fell to normal 
by crisis that a correct diagnosis was made. It may be stated that negative 
agglutination caused this case to be very carefully studied, nnd it was in this 
connection that the blood changes, to which 1 shall presently refer, were first 
observed. 

3. A man admitted to the hospital with a most profuse general rash, the 
case having been diagnosed ns measles. From the standpoint of the rash it 
certainly resembled measles, lmt a marked lencoptmia with a rather charac¬ 
teristic differential count, together with the presence of less prominent symptoms, 
showed the case to lie dengue. 

4. Two cases in which there was an almost entire absence of eruption, but 
a history of previous malarial attacks, resembled a*stivo-autumnal fever, but 
the negative evidence as to parasites and the striking difference as to blood 
findings, made the diagnosis easy. 

In fresh dengue blood I have observed most suggestive vaeuolation. 
There seems to be more of wliat might be termed a protoplasmic milkiness 

1 Read before the third annual meeting of the Philippine Islands Medical 
Association at Manila, March 2, 1000, by K. R. Stitt, M. D., surgeon and 
lieutenant-commander. United States Navy. 
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than is seen in vacuolation as it is ordinarily observed; furthermore, 
on several occasions I have been sure that I have seen fnbvement, both 
amoeboid and locomotor. Absence of staining reactions and constant 
watching have made me believe that I was simply observing vacuolar 
distortion from contraction of the red-cell stroma. I feel sure that 
an observer who has not repeatedly examined and carefully studied 
the unstained malarial parasite would in all probability mistake these 
vacuolations for Plasmodium malaria. 

While convinced of the great value of a differential count in the 
diagnosis of dengue yet, from practically negative findings in two 
undoubted cases of the disease, I should assign to it simply the place of 
a striking symptom and would not consider it to be a pathognomonic sign. 
For this reason it would seem advisable briefly to consider those symp¬ 
toms which, in my opinion, arc the most characteristic. 

A valuable analysis of the symptomatology of the disease is to be found 
in the “Report of the Dengue Epidemic in Brisbane in 3 905,” 2 and in 
presenting my views as to the value of the various symptoms, I think 
I could not do better than briefly to discuss certain paragraphs in this 
report. Taking the symptoms in detail we have: 

1. Onset .—This is stated to be sudden. This 1ms been our experience, 
however, without any case of abrupt onset. There was always a period 
of several hours separating perfect health from manifestations of the 
disease. There was nothing approaching the case described by Martialis 
where one member of a family, who had up to that time escaped the 
disease, was seized in the midst of a pantomime in which he was 
mimicking the sufferings of the others. 

2. Temperature .—This is staled to have ranged between 39° and 59.5° 
C. and most rarely reaching 40° or 40.0° C., it generally persisted as an 
initial rise during two or three days, and after a remission which, as a 
rule, lasted only for a few hours, it was followed by a terminal one con¬ 
tinuing for one or two days and falling by crisis. 

This has been exactly our experience with the fever, except that at 
times no remission was observed. Again, the fall by crisis almost always 
seemed to coincide with the maximum manifestations of the eruptions. 

3. Pains .—In the report it is noted that post-orbital or frontal head¬ 
aches were almost always present ; that the eyeballs were generally tender 
to pressure and that lumbar pain was almost as common as the headaches. 
In addition, many patients complained of pains in the calves of the legs 
and in the regions adjacent to the joints but never in the joints. Our 
experience has been that, if we except the pains in the head and eyeballs, 
there lias not as a rule been marked suffering, the patient experiencing 
more malaise than actual pain. Many of the cases have complained of 
a feeling as if sand were in the eyes. 


Joum. Trop. Med. (1905), 8 , 355. 
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4- Nervous symptoms .—In addition to the headaches, reference is made 
to other nervo'us manifestations such as insomnia and, particularly, 
depression during convalescence. This depression in our patients when 
we were assuring them that they were well of the disease, impressed us 
as a most striking symptom. In no disease, other than influenza, have 
I seen it so marked. 

5. The eruption .—The initial eruption usually is reported to have 
been simply a blotchy flushing of the face and neck which disappeared 
rapidly. The terminal rash was present, or rather observed, in only 
about. 50 per cent, of the eases. It was stated to have been more like 
the rotheln or measles rash than searlatiniform in character. This 
report refers to its predilection for the extensor surfaces of the elbows 
and knees and also to a carmine-pink suffusion of the palms and soles, 
which was regarded as being extremely characteristic. 

In our cases the most striking feature of the eruption has appeared 
to be its early and marked appearance about the wrists, on which it 
was more abundant on the dorsal than on the flexor surfaces. 1 com¬ 
monly describe it as the bracelet rash, having a wide, dorsal outline and 
a narrower ring of eruption underneath. We have frequently noted the 
rash on the palms of the hands, hut if has seemed to resemble the 
erythematous syphilitic of the palms more than what should be termed 
a suffusion. In only one of ibe cases was there an entire absence of 
secondary eruption; the patient being a Chinaman in whom the other 
symptoms and the differential count were quite characteristic. Stedman 
states that he has invariably failed to And the rash in dengue cases 
among the Chinese. 

The symptoms described in connection with changes in the tongue, 
lymphatic glands, alimentary canal, renal and respiratory systems were 
so varied that little weight could bo attached to them. 

Jt is stated that early in the epidemic discussed in the above-mentioned 
report many of the eases were diagnosed as influenza and that in the 
absence of an oxanthem in a patient presenting the symptoms of fever, 
muscular pains and great depression, the best means of diagnosing 
dengue was found to be in the almost entire absence, of respiratory 
symptoms. It has certainly appeared to me in many respects greatly to 
resemble influenza. 

Shortly after commencing my investigations as to variations in the 
percentages of the various leucocytes, I was greatly interested in reading 
a paragraph of an article by Surgeon IX N. Carpenter of the United 
States Navy 4 in which the author stated that he had found a most 
characteristic diminution of the polymorphonudears and a corresponding 
increase in the small lymphocytes in the blood of dengue patients. This 
at once attracted my attention, inasmuch as up to that time I had almost 

•Carpenter, D. N Joum. Am. Med. .4 mo. (1905), 45, 982. 
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invariably noted a most marked increase of the large mononuclear leuco¬ 
cytes and transitionals, and almost an entire absence of small lymphocytes. 
The counts in five cases which had been very carefully studied averaged 
as follows: 

Per cent. 


Polyioorphonuelears 42 

Large mononuclears and transitionals 40 

Large lymphocytes 8 

Small lymphocytes 8 

Kosinophiles and mast, cells 2 


In all these cases the counts were made after the appearance of the 
rash, the patient having been sent to the hospital about the time of the 
terminal rash. Subsequently, a patient who had been admitted with 
dysentery developed a temperature of 39.5° C. on the second day after 
his admission. Suspecting dengue, a blood count was immediately made 
and recorded as follows: 

Per cent. 


Polymorphonuclears 32 

T^arge lymphocytes 2ft 

Small lymphocytes 37 

I^arge mononuclears and transitionals 0 


After the appearance of the rash his differential count corresponded 
closely with the ones previously given. 

As opportunity occurred to examine several cases at the commencement 
of the disease, we were surprised to find in one, during the first day 
of illness, a count of ftO per cent of small lymphocytes, with very few 
large lymphocytes and scarcely any large mononuclears. Repeated exam¬ 
inations were made daily in this case and the leucocytes were found to 
vary markedly from day to day, so that by the fourth one there wort* only 
about 8 per cent of small lymphocytes, the latter having been replaced by 
the large mononuclears and large lymphocytes. 

When I refer to a small lymphocyte 1 mean the leucocyte which 
constitutes the characteristic element of lymphatic leukaemia and which 
is largely made up of nucleus, with only a narrow or crescentic fringe of 
cytoplasm. As a result of my limited experience 1 believe it to be very 
probable that, should differential counts be made in a large series of 
cases, it would develop that the diminution in percentage of polymorpho- 
nuclears is largely replaced, during the first day, by small lymphocytes, 
subsequently, the large lymphocytes would replace the small ones and 
on about the fifth day, or at the time of the appearance of the terminal 
rash, it would be noted that large mononuclears and transitionals had 
taken the place of the lymphocytes. It is this almost kaleidoscopic 
change in differential count which is so characteristic of dengue and I 
do not know of any other disease in any degree presenting such a striking 
variation. 

It can readily be seen that the differential leucocyte count would be 
of very great value in the diseases which might specially be confounded 
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with dengue. In typhoid it is the rule to have a more or less constant 
increase in the percentage of the small lymphocytes, while in malaria 
we are all familiar with the fact that there is a large proportion of large 
mononuclears. In dengue we have at different periods the characteristics 
of these two diseases. 

The blood has invariably shown a leucopcniq, the counts varying from 
1,4.50 to 5,280 per cubit; millimeter. This fact, together with the 
differential count, would easily differentiate scarlet fever and measles. 

From the beginning it was my aim in studying the blood of dengue 
to discover the bodies described by Graham of Beirut. 

It will be remembered that this author claimed to have discovered a 
non-pigmented protozobn in the blood of patients suffering from dengue. 
He stated that it was constantly changing its position in the blood cell 
and that it increased from day to day so that by the fifth or sixth one 
it w r ould be more than one-half the size 1 of the red cell, and diagram- 
matieally he represented it as at times projecting from the cell like a 
pseudopod. He stated that he was unable to stain these bodies. He also 
claimed that he found oval and spherical spores in the stomach and 
salivary glands of culex, these; spores appearing forty-eight hours after 
the mosquito became infected. I have repeatedly and for extended 
periods searched blood specimens without finding anything which might 
be termed peculiar. As previously stated, I was struck with the remark¬ 
able vacuolations observed in fresh specimens. 

My method of work was from time to time to examine fresh specimens, 
carefully ringed with vaseline, until crenation was so general as to be 
confusing. Any peculiarity of the red or white cells was noted, and 
specimens of t-lie blood which were stained in three ways were carefully 
examined to verify such supposed findings. Films were stained with 
Wright’s blood stain, haunatoxylin, and eosin, and with thionin. In no* 
a single instance could 1 find anything which would suggest a protozoon. 
Occasionally, 1 also employed prolonged staining with Wright’s stain 
according to the method suggested by Castellani as a substitute for 
Giemsa’s stain as used for Spirocliaeta pallida. 

While 1 did not have an opportunity to verify Graham’s findings in 
regard to the mosquito, yet there arc certain observations which would 
tend to strengthen his claim that the disease is transmitted by a species 
of culex. Every case of dengue sent to the Naval Hospital at Canacao 
has been treated in the wards, yet not once has there been an instance of 
infection among the large number of non-ini mimes who were present 
in the hospital. When the hospital was located at Cavite, it was com¬ 
monly noted that practically every case admitted became infected with 
dengue while under treatment for the original complaint. During the 
present small epidemic in Cavite it has been observed that newcomers, 
sleeping in Cavite, were frequently infected. Since the admission of 
our first case in October, 1905, there has been a noticeable freedom from 
the mosquito pest, so much so that recently, even after carefully searching 
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the wards, it has been impossible to secure a single one of the insects 
for examination. 

A very striking instance of freedom from attack while on board ship 
(where mosquitoes are generally rare), and infection when detailed for 
shore duty for only five days at Cavite, is given by Medical Director 
Persons, United States Navy, in the case of a squad of marines from 
the U. S. S. Baltimore. Twenty out of twenty-four marines, who had 
been ashore, contracted the disease after returning to the ship, while 
there was a total absence of infection among those who had remained 
aboard. 5 

As to the possibility of a micrococcus being the cause of dengue, as 
claimed by two investigators in 1885 and 1897, I am unable to give 
any evidence. However, this matter was investigated and reported upon 
negatively by the Government Laboratories of the Philippine Islands in 
1902.® Of one thing 1 am convinced and that is that the disease is not 
infectious in the same sense as is influenza. 

The claims of Eberle 7 that he found a “dengue plasmoebic organism” 
which was more minute and more active than the malarial parasite, I 
do not consider well founded, lie states that the motion of the 
parasite is so swift, it appearing and disappearing so rapidly that, when 
shown to a microsoopist, it is not apt to be seen. He describes and 
pictures in his diagrams sporulating bodies. The fact that he claims 
most satisfactory results in staining these bodies with weak eosin and 
methylene blue would indicate that in stained preparations their dis¬ 
covery should be one of little difficulty. The statement that he found 
phagocytes literally swarming with the minute organism of dengue 
(which was one-fifth the size of a red cell), and furthermore, an examina¬ 
tion of this appearance in his diagrams, leads me to question whether he 
might not have been observing an aggregation of blood platelets. In 
many of my films stained by Wright’s method I have seen masses of 
blood platelets which presented an appearance very similar to that 
pictured in Eberle’s diagram. In conclusion 1 should consider the most 
characteristic blood findings of dengue to be the following.: 

1. Absence of a demonstrable protozodn. 

2. Leucopasnia. 

8. Diminution of polymorphonuclears. 

4. A striking variation in the percentage of other leucocytes at varying 
periods of the disease. At first a large increase in the small lymphocytes 
is observed, then the appearance of a greater proportion of large lym¬ 
phocytes, and in the final stages (at the time of the terminal rash and 
during convalescence) a most striking increase in the mononuclears. 

•Persons, It. C.: Journ. Assoc. Military Surgeon* (1905), 17, 324. 

•Report of the Director of the Biological Laboratory from the Annual Report 
of the Superintendent of Government Laboratories (1902), 575. 

T Eberle, H. A.: N. Y. Med . Journ . (1904), 80, 1207. 
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OBSERVATIONS UPON MALARIA: LATENT INFECTION 
IN NATIVES OF THE PHILIPPINE ISLANDS- 
INTRACORPUSCULAR CONJUGATION.* 


By Cjiakmcs F. Craig. 

(From the Laboratory of the United States Army Hospital , Camp S totsen- 

berg, P. /.) 


INTRODUCTION. 

In this contribution it is my purpose to give in brief the. results of some 
observations obtained upon malarial infections while I was on duty at 
the United States Army post at Camp Stotsenberg, Pampanga, Luzon, 
P. I. 

The locality mentioned is one of the. most favorable in the Philippines 
for the study of malaria, as eases of the disease art* numerous in which 
all varieties of the plasmodium may be observed. The post is situated 
on the western border of the great Pampangan plain, near the Zambales 
Mountains, the station proper being placed in the foothills and at a con¬ 
siderable elevation above the plain. The soil is volcanic in nature, and 
even after the heaviest rains in a few hours becomes perfectly dry. 
There is no stagnant water within a mile, and therefore there are 
no breeding places of Anopheles. In order to reach the post these 
insects must travel at least one mile, and as they are at all times 
numerous it will be seen that in this instance the prevalent idea that they 
fly hut a short distance is disproved. There is a considerable area of 
jungle country surrounding the station, some of which is situated within 
a radius of a few hundred yards, but L have failed, after the most careful 
exploration of these jungles, to find any breeding places of the Anopheles 
nearer to the post than one mile. It was invariably found that when 
the grass about Stotsenberg was allowed to grow to any great length the 
mosquitoes to a large extent increased, this being accompanied by a 
coincident rise? in the number of cases of malaria; on the other hand, 
when it was cut, both mosquitoes and malaria diminished very appreciably. 

1 Head March J, 1900, at the third annual meeting of the Philippine Islands 
Medical Association by Charles F. Craig, M. I)., First. Lieutenant, Assistant 
Surgeon, TJ. S. Army, member of U. N. Army Board for the Study of Tropical 
Diseases in the Philippine Islands. 
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Mosquitoes of the genus Anopheles are at certain times numerous while at 
others they are not to be found. During the latter portion of the rainy 
season the Anopheles begin to multiply, reaching their maximum during 
the months of November and December. This coincides with the increase 
in malarial infections at this post, as is shown in the following table: 
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During the five months in which I was stationed at Camp Stotsenberg I observed 
380 cases of malaria in the blood of which 1 was able to demonstrate the parasite. 
Of these, 248 occurred in Americans and 138 in natives. As regards the type of 
infection, 98 were infected with the tertian plasmodiuni, of which 03 were Amer¬ 
icans and 35 natives; 8 with the quartan, of which 2 w*ere Americans and 
0 natives; and 272 with the sestivo-autumnal plasmodium, 183 being Americans 
and 89 natives. Of the uestivo-autumnal infections, 258 were due to the tertian 
lestivo-autumnal plasmodium and 14 to the quotidian variety. There were 8 com¬ 
bined infections with the tertian and the asstivo-autuninal-tertian plasmodium. 

The following table illustrates the character of the infections as regards their 
initial attacks: 

Initial attacks, 227; in Americans, 227; in natives, 0. 

Recurrent attacks, 38; in Americans, 18; in natives, 20. 

latent infections, 115; all in natives. 

From a consideration of the data given above, several points of interest 
may be noted. 

1. In regard to the type of plasmodium present, all varieties of malarial 
infection occur at Camp Stotsenberg, the aestivo-autumnal ones being the 
most numerous, the tertian next, and the quartan infections rare. 

In the past there has been considerable discussion regarding which types 
of malarial infection were tin* most prevalent in the Philippines, and I 
have always maintained that here, as in almost all tropical regions, the 
sestivo-autumnal fevers are the commonest and certainly my studies at 
Camp Stotsenberg have only confirmed my belief. However, it must 
be admitted that the type of infection present in one locality can not 
be considered as a criterion in judging of that to be found in another. 
This is well shown by the fact that at Camp Gregg, 50 miles north 
of Stotsenberg, the prevailing malarial infections are tertian in character. 

























Admitting this, I am still of the opinion that the lestivo-autumnal is the 
prevailing type of malarial infection in the Philippine Islands. 

In this connection, it should be remembered that the hyaline forms of 
the aestivo-autumnal plasmodia are the most difficult of any to demon¬ 
strate and therefore they are undoubtedly often overlooked, even by 
trained observers. Furthermore, it frequently requires repeated examina¬ 
tion of the blood and a long and patient search to find them. It is 
perfectly evident when the data are carefully studied, that many, if not. 
the majority of the so-called “simple continued fevers” which some 
medical men believe to be so prevalent in these Islands, are really unrec¬ 
ognized cases of apstivo-autumnal malarial infection. 

2. Initial attacks of the malarial fevers are most common among the 
Americans, including in this term all whites. This would be expected, 
and it is not because of a relative immunity of the natives, for, as will 
be shown, such a relative immunity docs not exist. It. is due to the fact 
that a very large proportion of the natives in this locality are continually 
infected and suffer from relapses at longer or shorter intervals. It was 
but rarely that I was able to study an initial attack of malaria occurring 
in persons of the latter race and then it was only in very young children 
or in new arrivals. 

3. Latent infections are most common in the natives, none being 
observed in Americans. However, in most of the latent cases a history 
of previous attacks of malaria could be obtained. 

4. Recurrent attacks among the Americans were comparatively rare, 
due to the fact that every patient infected with malaria when treated 
in the hospital or in the post was required to take quinine once a week 
for several weeks and from our experience with this method there can 
be no doubt of its great efficiency in preventing recurrences of malarial 
infection. 

LATEJST INFECTION IN NATIVES OF THE PHILIPPINES. 

The subject of latent infection in malarial disease more and more is 
receiving the attention which it deserves. We now know that an in¬ 
dividual may harbor the* malarial plasmodia for weeks or even months 
without suspecting that lie is attacked, and during all of this time he 
may be a source of infection to others. 

The observations of Koch, of Stephens and Oristophors in Africa, 
and of James in India prove that the greatest source of danger to the 
white man in a malarial locality lies in the native population, especially 
in the native children. The control of malarial infection in the Tropics 
will only be possible if quinine is issued to the native, and in the follow¬ 
ing observations it is my purpose to show that the latter race in the Phil¬ 
ippines is the source of malarial infection. I will also attempt to show 
the futility of endeavoring to rid any locality of malaria so long as the 
native clement in the question is neglected. 
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By a latent malarial infection we understand one in which the plas- 
modia of malaria may be demonstrated to be present in the blood of an 
individual, but in which no clinical symptoms of the disease of sufficient 
gravity to attract attention are to be observed. The term should not be 
confined to those instances in which no symptoms of malaria have ever 
been present, for in recurrent cases between the attacks, the disease 
is as truly latent as it is before the initial one. Under all circumstances 
flic infected individual obviously is a great source of danger to others. 

It appeared probable to me in considering the malarial situation as 
presented at Camp Stotsenberg, that the natives living in the barrios 
about the post were in all likelihood the chief source of infection, for 
while, as has been stated, the sanitary conditions in the post proper were 
such as to prohibit the belief that malarial infection could originate 
there, the same could not be said of the native barrios where the breeding 
places of mosquitoes abounded and insects of the genus Anopheles were 
numerous. In these situations the conditions for the spread of the 
human infection were ideal. In order to determine how large a per¬ 
centage of the native population was infected, I made blood examina¬ 
tions whenever they could be obtained of all the natives living within 2 
miled of the post. The results proved beyond question that the origin 
of malarial infection at Camp Stotsenberg is very largely due to the 
natives living in the immediate vicinity, and that any efforts to limit 
the disease must take this condition into account. In many of the 
persons of this race, the clinical symptoms of malaria were present at the 
time of the examination. Such cases are not included in this paper, 
which treats solely of latent infection in the native. In a considerable 
number of the instances of latent infection, even in the youngest 
children, a history of previous attacks of fever could be obtained, but 
in none of then were any symptoms of malaria observed at the time 
of the examination. In all, the blood of 225 natives was examined and 
115 or 51.1 per cent were found to be infected. 

Janies, in his work in India, found that the percentage of natives 
infected varied very greatly in different localities, being less than 5 per 
cent in some places and as high as 86 per cent in others. The same 
condition will be found to exist in these Islands and blood examinations 
of the natives will result in giving valuable data as to the endemicity 
of malarial disease in different localities in the Philippines. This fac¬ 
tor should be considered and such blood examinations of the natives 
made before permanent military posts or residences are established 
in the Tropics. 

Of the 115 infections found, the tertian plasmodium was present in 29, the 
quartan in 6, find the rcstivo-autumnal in 77; of the latter, 73 were due to the 
tertian eestivo-autumnal plasmodium and 4 to the quotidian. There wore 3 
combined infections with the tertian and the tertian wstivoautumnal plasmodium. 



Latent infection in the adult native .—1 was unable to examine the 
blood of more than 45 adults, of which 28, or 62.2 per cent, were infected; 
of these 5 were due to the tertian plasm odium and 23 to the tertian ajstivo- 
autumnal variety. It is very probable that a further study of the blood 
of a larger number of adult natives would materially reduce this great 
percentage of infected cases, hut from the above it is evident that the 
adult Filipino is more often infected than is the negro in Africa or 
the native of India. 


Botli Koch in Africa and James in India, have ascertained that, the percentage 
of infected adults is very small. In the planting districts of the Dunro, .lames 
stated that he discovered no adults with plusmodia in their blood, although 65 
to 75 per cent of the children were found to infected. 

Therefore, it is evident that; the adult Filipino possesses little or no 
relative immunity to malaria, despite the fact that in malarial districts 
such adults have from childhood suffered repeated attacks of malarial 
disease. I have notes on several adult natives who, within two years, 
were admitted to the hospital from 8 to 1G times, sulfering from attacks 
of malarial fever. 

Latent infection in native children. —The blood of 180 children was 
examined, of which 87 or 48.3 per cent showed the presence of malarial 
plasmodia. Of these 34 were due to the tertian plasmodium, (i to 
the quartan one, and 44 to the aestivo-autmnnal variety ; of the latter, 
40 were infected with the tertian a?slivo-autiimnal and 4 with the 
quotidian sestivo-autumnal plasmodium. There were 3 cases which had 
the tertian and the tertian a^stivo-autumnal plasmodium combined. 

The infections in the children diminished in number with advancing 
age; thus, between the ages of one month and five years, among 40 
children, 79 per cent; of 54 individuals between five and ten years, 37 
per cent; and of 53 between ten and fifteen years 24.5 per cent of those 
examined were infected. These results agree with those of Koch, Ste¬ 
phens and Christophers, Janies and others, who invariably found that 
the younger the child, the more susceptible it was to malarial, attack. 

The following table illustrates the relationship between malarial infec¬ 
tion and the age of the individual as observed in native children in the 
barrios about Camp Stotsenbcrg; it gives the number of children exam¬ 
ined, the number attacked, arranged in five-year periods, the percentage 
of those infected, and the type of infection : 
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Only 146 children are considered in the above table because only in 
that number could the age be ascertained. 

Family infections .—The malarial infections are strictly local, being 
confined within certain well-defined limits, even in infected localities. 
Thus Celli, in Italy, observed that the families living upon one side of 
a canal in a certain town suffered greatly from malaria, while those 
residing upon the other were practically free. This was very noticeable 
in the barrios about Stotsenberg, certain places in the barrios being badly 
infected while others were almost unattacked. Not only was this true, 
but it was observed that malarial disease was very largely a family one, 
certain families suffering severely while others were free. The following 
table illustrates the family character of malarial infection, being compiled 
from the data obtained in one barrio in which the families resided: 
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Variety. 


1, imti vo-autumnal; 1, tertian. 

2, cDHtivo-autumnal. 

J, fUNtlvo-aututnnal; 1. tertian. 

2, icstivo-autumnal; 1, quartan; 1. tertian. 
2, utttl vo-autumnal. 

2, UDstivo-autumnal. 

1, ft!8tl\o-autun)nnl; 1, tertian. 

1, testlvo-autumnal: J, quartan. 

2, tertian. 

2, H'Stivo-autuinnal; 2. tertian. 


In considering this table, it should be remembered that these infections 
are latent in character and 1 have repeatedly observed families in which 
every member was suffering from a malarial attack, some presenting the 
symptoms of the disease while in others the condition was latent. Such 
are Nos. 4 and 10 in the above table. Family No. 4 is of great interest 
because, of its 5 members, 1 was suffering from a severe attack of tertian 
malaria at the time I made the blood examinations, while of the other 4, 
2 presented aestivo-autumnal, 1 the quartan, and the other the tertian 
plasmodium in the blood, so that in this one family all the varieties 
could be studied. From the data which has been given I believe it to 
be obvious that a large amount of the malaria at Camp Stotsenberg is 
directly due to the infection of the native, and there is no reason to 
doubt but that the same is true of every malarial locality in the Phil¬ 
ippine Islands. The natives are the culture tubes holding the plasmodia, 
the mosquitoes the inoculating needles, and the “stranger within the 
gates” the victim of inoculation. It is also apparent that it is useless to 
expect to rid a locality, from which the mosquitoes can not be eliminated, 
of malaria, unless the infection is first stopped among the natives, and 
in the Tropics, where it is practically impossible to destroy all mosquitoes, 
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it appears to me* that; the* greatest hope of success in combating malaria 
lies in (lie distribution ol quinine. It would then make no diiTercnce how 
numerous the Anopheles might lie, they would be harmless if the native 
were rendered free from the plasmodium by the use of quinine. 

TNTKAmUPimWTLAIf CON.I IJCATION'. 

In concluding these oliser vat ions upon malarial infection I desire to 
call attention to intracorpuscular conjugation, a phase in the human 
life cycle of the malarial plasmodia, whieli I believe to he of the greatest 
importance, and which makes clear many obscure points in the clinical 
history of malarial infection. 

This process was first mentioned by Mannaberg, but described more ut length 
hy Kwing* in 1001. Kwing concluded that, while conjugation of the malarial 
plasmodia undoubtedly occurred in the reel ldood corpuscles of man, it was hy 
no means constant and probably of no essential importance in the human life 
cycle of tlie plasmodia. in a later contribution he states that the process may 
favor the multiplication of the plasmodia in the human host and that its disap¬ 
pearance tends to limit the malarial infection. 

For nearly five* years i have devoted much study to this process and 
have observed it in hundreds of cases. My results are given in detail in 
a recent publication 3 and at the present time I will only very briefly 
discuss the subject. 

The process of intracorpuscular conjugation, as smi in the malarial 
plasmodia, is not a sexual ant, for no difference in sex nail be distinguished 
in the conjugating bodies. 11 is a process which is very common in many 
classes of protozoa and is intended to preserve the reproductive power of 
the organisms in which it occurs. "By continued division, many of the 
protozoa eventually become exhausted and lo prevent this result, con¬ 
jugation occurs, the two eonjuganls, which are not sexually differentiated, 
becoming one, thus bringing about a restoration to former reproductive 
activity, due to a ^^ rejnvmlOseence ,, of the vital activities of the organism. 
In what way this “rejllvcneseence !,, results we do not know, but there can 
be no doubt but that if it; were not for this interesting process many of 
the protozoa would cease to exist. In the ease of the plasmodia of 
malaria, conjugation is a phase of the human life cycle and it occurs 
within the red blood corpuscles. It.essentially consists in the permanent 
union of two hyaline ring forms, or hyaline bodies, is always complete 
before the development of pigment takes place and it occurs in all the 
species of malarial plasmodia. 

Tlie process may roughly be divided into three stages. In the first, one 
the two hyaline rings arc in contact, and in stained specimens it will be 

2 Joum . of tixper. Med. (1001), 5, 420; Clinical Pathology of the Blood (1903), 
454. 

■Intracorpuscular Conjugation in tin*. Malarial Plasmodia and Its Significance, 
Amer. Med . (1905), 10, 982 1024. 
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noted that the chromatin of the nuclei in the two parasites is separate anti 
that the union begins in the protoplasm of the organism. In the second 
stage, which may be designated as that of complete protoplasmie union, 
the chromatin masses become situated in the protoplasm of one organism 
which is formed by the union of that from the two. In the third stage, 
or the one of chromatic union, the two chromatin masses become united 
and form one large mass situated within the hyaline ring. Sometimes 
the union of the latter appears to be preceded by the loss of a small 
particle of chromatin from one of the masses. Briefly stated, intraeorpus- 
cular conjugation consists in the union, at some portion of the peripheral 
protoplasm, of two hyaline plasmodia, the two chromatin granules remain¬ 
ing separate : gradually the protoplasm of the two organisms unites, this 
union being followed by that of the chromatin masses and of the 
achromatic substance of the nuclei; conjugation is thus completed, the 
union being permanent and occurring within the erythrocytes. 

The significance of the process .—Intracorpuscular conjugation is pres- 1 
ont in infections caused by all of the species of malarial plasmodia, 
namely, in the tertian, quartan, and a»stivo-autumnal varieties. In order 
to understand the significance of the process it is necessary to observe in 
what type of malarial infection it occurs, whether or no it produces any 
peculiar clinical manifestations, and whether it is always present or is 
a rare phenomenon. From my studies, during which I have examined 
hundreds of specimens of blood from patients suffering from acute initial 
attacks of malaria, recurrent attacks and latent malarial infections with 
reference to this process, the following conclusions inay be drawn: 

First. Intracorpuscular conjugation is invariably present, in every acute, 
initial attack of malarial infection, no matter whether it he due to the? 
tertian, quartan, or jpstivo-autumnal plasmodium. It is often difficult 
to demonstrate conjugating parasites, but repeated examinations will 
always result successfully. 

Second. This process is present in the vast majority of instances of 
recurrent malarial infection caused by any of the species of malaria! 
plasmodium. 

Third. It is almost never present in latent malarial infection, the only 
cases in which it is noted being those* which develop clinical symptoms, 
within a day or two of the time of observation. 

Fourth. The process of intracorpuscular conjugation lias, in the vast 
majority of cases, a direct relationship to the severity of the clinical 
symptoms. When the latter are most severe, the number of conjugating 
plasmodia is greatest; in acuie, initial attacks the conjugating plasmodia 
are always more numerous than in recurrent ones, unless the latter are 
of a severe character. 

Fifth. The process is most easily observed in pernicious malarial infec¬ 
tions, for in such the conjugating plasmodia are most numerous. 



Sixth. This form ot conjugation is not absolutely essential to sporula- 
tion or to the production of clinical symptoms. 

Seventh. It is necessary for tin* maintenance of auto-infection, and its 
disappearance results eventually in spontaneous recovery of the patient. 

As has been stated, conjugation in the protozoa is intended to prevent 
reproductive degeneration and to maintain the existence of the organism. 
In the malarial plasmodium the process is without doubt intended to 
preserve its reproductive power and all the facts which have been 
observed confirm this opinion. 

Malarial plasmodia in man reproduce by spore formation, but. a con¬ 
tinuation of this process will ultimately end in exhaustion as it does 
with other protozoan organisms and such exhaustion is prevented by 
conjugation, after a certain number of generations of the plasmodia has 
been produced hv sporulation. The result is a "rejuvenescence” of the 
nearly exhausted individuals and renewed activity in sporulation, and 
thus the malarial infection is maintained. In acute, initial attacks of 
malaria, conjugating plasmodia are always present, sporulating bodies 
are numerous and the clinical symptoms are pronounced. In Intent 
infections, the first named are almost always absent, sporulating bodies 
are of very rare occurrence, and there are no clinical symptoms of malarial 
infection. During spontaneous recovery, conjugating plasmodia entirely 
disappear and if a relapse occurs they only reappear just before the 
occurrence of clinical symptoms. All of these facts point to hut one 
conclusion, namely, that intracorpuscular conjugation favors the reproduc¬ 
tion of the plasmodia of malaria, plays a very important part in the 
appearance of the clinical symptoms because it favors sporulation and 
its disappearance is the principal cause of spontaneous recovery. 




TROPICAL FliBRII.H SPLENOMEGALY.' 


Ry L'aiji. («. Wool ,i.ky. 

(/•’/vim thr. Scrum Laboratory. Hun an of Science.) 


The disease known as tropical splenomegaly js characterized chiefly by 
splenic hypertrophy, emaciation, an irregular temperature uninfluenced 
by quinine and certain gastro-internal symptoms such as diarrhiea or 
dysentery, Christophers also maintains that anueba 1 are invariably 
present Such eases have been reported from various parts of India, 
from Egypt, China, Tunis, Algiers, Arabia, and the Philippine Islands. 

(jilcs first considered the disease ns a combination of malaria and nnehylos 
tominsis and "Bcntly thought. it to be due 1 o infection with M. nidi trusts. Rogers 
at first supposed it <o be the result of a. severe chronic malarial infection, but 
biter in the eases from nil of the above-mentioned sources save tin* last, a 
peculiar parasite lias been described, first by Leishmati in a ease at. Dum Dum 
in India, later bv Donovan, Christophers, Rogers, Munson, Low, Phillips, Mur- 
cliand, Ledinghmn, and others. 

Since the publications of Irishman and Donovan, much speculation 
has arisen regarding the place which, in our classification, should be 
assigned to these parasites. Poss thought them to he an involution 
form of trypanosoma, and Laveran concluded that they belonged to the 
genus piroplasma or pirogma. Late investigations seem to point, to the 
wisdom of Puss’s conclusion, the weightiest reason being that Kogcrs 
has stated that in cultures of the bodies obtained by splenic puncture, 
after some days lie has been able to demonstrate unmistakable trypano¬ 
somata which, to he sure, were very immature in most cases. Through 
the kindness of Dr. Strong 1 have had the pleasure of seeing some of 
Pogers’s preparations, which were, smears both from the spleen pulp and 
from cultures and while to judge from these it is not clear just what the 
relation of the two preparations is, nevertheless, in the cultures there 
were structures which very closely simulated trypanosomata. The Irish¬ 
man bodies themselves were not especially convincing to me, perhaps 
because I have seen too few. However that may he, there seems to bo a 
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concensus of opinion in considering these bodies to be the causative 
parasites of lmla-azar. 

When present, tliese parasites are found in large numbers. They are difficult 
to distinguish in fresh specimens, but when seen can be differentiated from the 
platelets by their greater refractive power. They are most easily stained by 
the Koinanowsky method or one of its modifications, and under these conditions 
their diameter is from 1.5 to 3.5 p. They are usually circular or oval in form 
and often have a cockleshell appearance. They usually show two chromatin 
masses, a larger one which stains faintly and a small one which takes on an intense 
color. The former often is rod-shaped and the latter rounded, bilohed, or heart- 
shaped. They have been observed in the spleen, in intestinal ulcers, in the liver, 
mesenteric glands, bone marrow, kidneys, and in the skin in the disease known 
as Oriental sore. 

It was in view of these facts and in the hope of being able to study these 
parasites that Dr. Musgrave, Dr. Wherry, and I began carefully to examine all 
cases of splenomegaly which we could find and control. The results of this study 
were published early in this year in the Bulletin of the Johns Hopkins Hospital. 2 
In this paper we stated that splenomegaly was not infrequent in Filipinos, and 
that it was not difficult to find types corresponding With those of Osier ( Hriihlc ), 
Banti, and others. We then proceeded to describe some cases which apparently 
should be classed with the group of tropical, febrile splenomegaly. 

These eases were characterized by the following symptoms: Splenom¬ 
egaly, rheumatic pains, edema, diarrhoea with or without hepatic enlarge¬ 
ment, and remittent fever, in none of these could malaria be found, 
neither was the course of the diseases influenced by quinine, in none 
were the leucocytes above 8,000 (they averaged about 6,300), and in 
but one was the number of red corpuscles less than 3,000,000 per cubic 
millimeter. Unfortunately, at the time we made our observations we had 
no accurate means of determining the haemoglobin, of which we have no 
record; however, it may be suspected from the appearance that there was 
some diminution. In five eases, splenic puncture was undertaken and in 
four of them examination in smears and cultures, and inoculation into 
guinea pigs and monkeys gave no result. In the fifth one there appeared 
in glucose-ascitic agar a faint growth of a small, coccus-like organism, 
which resisted transplantation. 

In one of the seven cases which we reported the eosinophiles varied 
from 25.5 to 43 per cent, in another from 8 to 11.5 per cent; generally, 
the mononuclears were increased. The duration of the disease at the 
time of the last notes which we took was from three to fifteen years. 

But one case has come to autopsy. In this instance the chief lesion 
consisted in a congestion, hypertrophy, and fibrosis of the spleen. Since 
the report of these cases another very interesting one has been brought 
to my attention, and for the opportunity of reporting it 1 have to thank 
Dr. Musgrave, from whose services in St. Paul's Hospital, Manila, it 
came. 

a Bull. Johns Hopkins Hospital (1900), 17, 28. 



The patient wan a Filipino banquvro, aged 20, a native of Kizul Province. 
There was a past history of beriberi, lit- was admitted to St. PauPH Hospital 
suffering from ascites and splenomegaly, a condition which lie said had been 
present for two months. He had an irregular temperature and a slight dial’' 
rheea. (See chart No. 1.) His appetite was good. Klood examinations from time 
to time showed no malarial organisms, nor had quinine any efToet upon his 
temperature. His urine showed a trace of albumen, and hyaline and granular 
casts. The stool examination was negative for parasites, lllood counts showed: 
lhemoglobin, 80 per cent; led blood cells, 4.201,000; leucocytes, 5,100. A differ¬ 
ential count showed polymorphonuclear leucocytes, 74 per cent; large morphonu- 
clears, 10 per cent; small morpbomiclcars, 2 per cent; eosin, 11 per cent; cells, 3 
per cent. From the time of his entrance into the hospital he had an irregular, 
remittent and intermittent temperature. He died a month after entrance. The 
clinical diagnosis was ltaiiti's disease. Two days before his death a splenic 
puncture WttH undertaken and smears and cultures were made with the citrated 
xuateriul which was obtained. The smears showed a very small, polar-staining, 
rod-shaped or diploeoecuid organism which was present in small numbers. The 
culture ill glucose broth ( j 1 to phcnolplithulei'ii) after two days produced a 
powdery growth in the bottom of the tubes and a slight diffuse cloudiness. Agar 
cultures gave no growth. The autopsy was performed six hours after death. 

lligor mortis was present in the legs, feet, and jaws, but not in the anus. The 
pupils were normal. The lymphatic glands of the groins and axilla* were slightly 
enlarged and firm. Over the area of splenic dullness, a few centimeters from 
the midabdominal line and about a bandVwidth above the pubis, was the puncture 
wound caused by the aspirating needle. The body was poorly nourished, the 
mucous membranes pale ami slightly jaundiced. There were some pigmented 
scars on the shins, as there are in nearly all laboring Filipinos, but there were 
no periosteal irregularities. After opening the body, the point of entrance of 
the needle into the spleen could barely be seen, and about it there was no 
evidence of huunorrhage or inHanunaliou. The omentum was curled up along the 
transverse colon. The peritoneum was slightly dull in appearance and showed 
some points of injection. In the pelvis and Hanks there was from 200 to 300 
cubic centimeters of blood-stained fluid. The appendix apparently was normal. 
The left pleural cavity was obliterated by old adhesions. The right was normal. 
Roth lungs were somewhat edematous and the seat of moderate hypostatic 
congestion. 

The pericardium contained about 100 cubic centimeters of a clear, amber-like 
fluid. There was one large milk spot on the anterior surface of the heart. The 
myocardium was flabby and cloudy. The epicardial fat was somewhat increased 
in amount and along tin* aurieubi-vent rieubir groove was a series of petechia 1 . 
The cardiac valves apparently were normal. The auricles were filled with goose- 
fat clots. The liver weighed 750 grams and was very firm and resistant. Tts 
surface was covered with nodular elevations varying in size from 1 to 5 mil¬ 
limeters. These elevations were of a greenish yellow color in the center and 
were surrounded by zones of congestion. The cut section was granular and mottled 
yellowish-green and brownish. The increase of fibrous tissue, easily to be seen 
with the unaided eye, was diffuse. The gall bladder was small and contained 
no atones. The spleen weighed 1,770 grams and was firm in consistency. Its 
surface was smooth. It cut* with increased resistance and the cut surface showed 
lid tendency to diflluence. The increase in librous tissue was evident to the 
naked eye. The imilpighian follicles were not noticeable. The kidneys were 
somewhat enlarged, pule and very flabby. The capsules were easily removed. 
The intestine contained liquid fa*.ees with uneinnria and triehuris. Tn the large 



intestine there were a few quite small, but rather ragged, superficial ulcers, 
surrounded hv dark, pigmented zones. The subimicostc was (edematous and 
injected. The mucous membrane of the large bowel as n whole was somewhat 
irdemulous and injected, that of the small bowel showed no change other than 
a catarrhal one. The mesenteric, int.rnperitoneal, and internal inguinal glands 
were markedly enlarged, and were, as a rule, pule, but with areas of congestion. 
The great blood vessels showed no abnormality. The pancreas was firm and pale. 

Anatomic diagnosis .—Splenic hypertrophy; atrophic, hepatic cirrhosis; 
subacute, parenchymatous nephritis; abdominal, lymphatic, glandular 
hypertrophy; hypostatic congestion of the lungs; petechia: beneath the 
visceral pericardium; persistent thymus. 

At autopsy, cultures ami smears were made from the spleen, liver, and heart. 
Those from the heart and liver showed no organisms. Those from the spleen 
gave a considerable number of small bacilli, similar to those found in the ante¬ 
mortem preparation. Cultures cm glycerine, agar, and blood serum after forty- 
eight hours showed numerous discrete, minute, translucent, moist, colonies. 
Transplants were made on various media with the following results: On alkaline 
and acid agar (1 per cent to phcnolphthulcTn), glycerine, glucose and lactose, agar 
and blood serum, the organism in twenty-four to thirty-six hours gave rise to fine, 
almost transparent, moist columns, which increased hut very little in size during 
the four or live days during which they remained alive. In glucose, saccharose, 
and inulin bouillon the growth was scarcely perceptible and took the form of 
a firm, llooculent. precipitate, in which the organisms rapidly died out. Milk 
was acidified within twenty-four hours, coagulated in seventy-t wo hours, the cuhcju 
separating from the whey in six days. On potato, the growth was not visible to 
the eye, but nevertheless it was present. The organism thrived best and lived 
longest in milk and in potato. It. did not form indol. This organism, stained 
by Gram’s method, is non-motile and pleomorphic, but when young and vigorous 
it appears as a very small, polar-staining rod. It ferments all of the sugars to 
a slight extent, without gas formation This was indicated by a change in acidity, 
which in the case of glucose required 0.2 cubic centimeter N/20 NaOH, in that 
of lactose 0.1 cubic centimeter, with saccharose 0.2 cubic centimeter, and inulin 
0.25 cubic centimeter per cubic centimeter of the culture media, to neutralize. 
(The titrations were performed with phcnolphthulciu as an indicator.) 

A monkey ( Marar/ns q/nomologvs) was inoculated subcutaneously with 
1 cubic centimeter of a suspension of the organism from an agar culture 
seventy-two hours old. A second monkey was inoculated in the same 
manner with 1 eubie centimeter of a suspension from a seventy-two-hour 
blood serum culture. The results, as far as the temperature was con¬ 
cerned, are shown by Charts Nos. 2 and *5. The organism used in the 
case of monkey No. 4 hart been grown in blood serum for six generations. 
The constitutional symptoms were most marked in No. 1, which lost its 
appetite completely after a few days. This monkey was killed on the 
seventh day after inoculation. The spleen was not enlarged and the 
other organs showed no microscopic changes. Cultures from the blood 
and spleen were made upon agar, bouillon (—1 to phenolphthalein), 
and blood serum. No growth occurred in those from the spleen, but in 
the ones from the blood upon agar and blood serum a slight one occurred 



in the water of condensation. One cubic centimeter of blood from this 
monkey was inoculated into another one (Chart. No. 3) f and 1 cubic 
centimeter of an extract, of spleen pulp into a third (Chart No. 4). 
In monkey No. 1 the liver was much congested and there was a marked 
congestion at the site of inoculation. One cubic centimeter of a pure 
blood serum culture seventy-two hours old was also inoculated into a 
rabbit. No effect was produced and the animal is still alive and active. 
As the charts will show, monkey No. 1 died a month after inoculation, 
during which time it has had a very irregular temperature. Unfor¬ 
tunately, death occurred late in the afternoon and the animal was hadlv 
inl’eeted (post-mortem) when it was examined. The organisms with 
which it had been infected could not lie isolated. The spleen was not 
especially enlarged. The other monkeys (Nos. and 3) are still alive 
and will he closely watched. 

Pieces of the tissues obtninod at autopsy from the original ease ami fixed iti 
Zenker's solution were imbedded in para din and sectioned. Sections were stained 
with eurbol-fuchsin-gruni-piero- indigo car min, methylene blue and rosin, haanatoxy- 
Jin and eosin, resorcin fuchsin, Mallory's reticulum stain, and by Gram's method. 
The liver showed the usual picture of a well-marked mono- and multi lobular 
eirrliosis with a slight degree of central cirrhosis. No bacteria could he demon 
strated. The spleen section showed a marked congestion and a moderate degree 
of fibrosis which was especially noticeable in the immediate vicinity of the blood 
vessels/ Atrophy of the malpighian bodies was also present. Sections stained 
by Gram's method showed clumps of small, polar-staining rods, scattered irregu¬ 
larly in the organ but chiefly noticeable in the more congested parts. None of 
these organisms were demonstrated either in the Jollieles or in the lymph glands. 

If we compare these cases with those* reported as kala-azar we sec that, 
aside from the one point of absence of the Irishman bodies, a close 
analogy exists between them. IHarrluea is a common feature in all 
of them. While, perhaps, aimcke do not play a part in the causation 
of this symptom, yet, in the Tropics, other intestinal parasites are so 
frequent that.we rarely encounter a native's stool free from one variety 
or another and frequently several may he met with simultaneously. In 
addition to the diarrlucn, the symptoms common to all of our eases were 
splenic enlargement, irregular temperature, transient (.edemas, rheumatic 
pains, loss of weight and strength, and probably atwemia. Together 
with these, the liver may he enlarged or atrophic and there may he 
ascites. Of all of these symptoms the most important is splenomegaly. 
What is its cause? 

In the Philippine Islands and elsewhere in the Tropics, malaria is 
an extremely common affection and its occurrence might explain the 
increase in the size of the spleen. However, in sections we do not find 
the evidence we should expect, for we encounter neither pigment nor 
parasites. Then, too, the irregular temperature in splenomegaly is not 
satisfactorily explained on these grounds, for quinine does not affect it. 
Another disease which we are beginning to consider a much more common 



one than formerly is syphilis. But Hie assumption that the latter is 
present, does not explain the temperature, for this is uninfluenced by 
mercury. 

There remains the possibility of a chronic infection or intoxication 
originating in the intestinal trad. As we have seen, the bowel when 
symptoms of diarrhoea are present, in almost all instances is considerably 
damaged. In the last ease described above, there were well-marked 
ulcers and in this and in others, triehuris and uncinaria occur. Is it 
not possible that the progressive cirrhosis of the spleen and liver is the 
result, of continued absorption from the intestinal tract, aided by the 
increased permeability of the latter? It may be possible that the con¬ 
tinuous absorption of toxins causes the cirrhosis and tilts penetration of 
bacteria produces the temperature variation. However that may be, it 
seems reasonable to assume that the condition may he explained upon 
the basis of intestinal absorption and that the condition .of the intestinal 
walls may be the factor which determines the presence of a febrile or 
afebri le splenomegal y. 

One striking feature of the symptom complex in the cases which we 
have examined is the sudden onset of the fever which resembles that of 
malaria or dengue. 

I still believe, as 1 did after studying the first seven cases, that 
although a certain number of cases of tropical, febrile splenomegaly 
may be due to infection with the Leishruan body, it will be necessary 
to search for further ctiologie data before we can understand and .satis¬ 
factorily classify the whole group of cases which are characterized by the 
general gross features of kala-azur. and I believe in all probability that 
there will he found associated with the clinical picture various organisms 
and that the symptoms will depend chiefly upon intestinal conditions 
and pathologic changes in the intestinal walls. 



ILLUSTRATIONS. 

[ EMiotomierogruphs by Martin. | 

Pl.ATK J. 

Kin. 1. Section of spleen stained by drain's method showing a foens of the 
organisms described. X 1000. 

2. Same as fig. 1. X 1020. 

Platr II. 

Flu. 1. The bacillus from a culture oil glycerine agar, dram's stain. X 1020. 
2. The same, organism, drain’s stain from bouillon culture. X 1020. 

Pi, atk III. 

Flo. 1. The same grown on potato during sixty hours. X 1020. 

2. The same grown on blood serum ninety-six hours old. X 1020. 
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AMOEBIASIS: ITS ASSOCIATION WITH OTHER DISEASES, 
ITS COMPLICATIONS, AND ITS AFTER EFFECTS. 1 


By W. E. Musoiiavk. 

(From the Biological Laboratory , Bureau of Science.) 


In this paper the more established facts concerning this subject will 
briefly be described, attention will be paid to points more*or less neglected 
in previous publications and finally, certain new observations tending to 
elucidate some of the problems will be added. The subject may be 
outlined under the following headings: 

I. Diseases and conditions accidentally associated with amoebiasis 
which do not modify the course of either infection. 

II. Diseases of different etiology in which the association produces 
decided modifications in one or both. 

III. Direct complications. 

(а) Of amoebic origin. 

(б) Of other parasitic or of bacterial origin. 

.1V. After effects of anuebic diseases. 


I. 

Complete discussion of the first heading would practically include the 
whole subject of tropical medicine, because amcebiasis in the Tropics is 
such a very common affection that almost every other disease has, at dif¬ 
ferent times, been found associated with it. 

Pregnancy , because of its frequent association with amcebiasis in fe¬ 
males, is the only condition which will receive notice in this connection. 
Local treatment of the dysentery often increases the vomiting of preg¬ 
nancy, but the danger of abortion from this cause is even less than that 
to which the untreated am ophiasis itself gives rise. Experience has taught 
us to give pregnant patients suffering from anuebic colitis the same 
thorough irrigations which are with confidence applied in other non¬ 
pregnant cases afflicted with this disease. 

1 Head March 3, 1000, at the third annual meeting of the Philippine Island* 
Medical Association. 
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IT. 

The second heading is of much greater importance and includes such 
diseases as malaria, beri-beri, Bright’s disease, specific bacterial dysentery, 
tuberculosis, chronic rheumatism, certain nervous affections, and other 
diseases, some of which will also be duly considered under the third and 
fourth headings. 

Malaria.— This is far the most important disease in this second 
class. True malarial dysentery is recognized by many writers, but, en¬ 
tirely apart from this, the association of a simple, malarial infection with 
anuebiasis is very frequent, and the combination of the two makes each 
disease much more refractory to treatment than is either one alone. The 
symptomatology is also much modified and, in eases iq which, in addition, 
liver abscess is suspected, the diagnosis is often very difficult. In these 
combined infections of malaria and dysentery, the treatment of the former 
affection alone often causes an improvement of the amoebic disease of the 
bowel, and quinine irrigations usually give satisfactory results in both, 
although obviously, in severe cases of malaria, the administration of 
larger doses of quinine is also advisable. 

Bkrtbkki is endemic in the Philippine Islands and is frequently 
associated with amoebic and other parasitic infections of the intestine. 
Without questioning a specific, infectious etiology for beriberi, 1 would 
call particular attention to the favorable influence which treatment di¬ 
rected to the removal of intestinal parasites often has upon the course of 
the co-existent neuritis. Beriberi also exerts a bad influence on the 
amcebic infection, and if, as is claimed by some writers, changes are neces¬ 
sary in the intestinal wall before amcebsc can produce lesions, clinical and 
pathological observation would suggest beriberi as being one of the 
diseases in which such primary changes of the intestine would occur. 
M. Herzog, of this Bureau, lias also called attention to this point in a 
paper read before the Manila Medical Society, February 8, 1906. 

Brtgiit’s disease. —Marked disturbance of kidney function, and 
even organic changes therein, may directly complicate the amoebic infec¬ 
tion, and these will be discussed under the third heading, but, apart from 
this, there is the rather frequent association of established Bright’s disease 
(of alcoholic or other etiology) with anuebiasis. Such a conjunction is 
a particularly difficult one to treat, because of the increased intensity of 
both diseases when combined, above that which would be expected from 
cither alone. This increase becomes very pronounced in uraemia. 

III. DIRECT COMPLICATIONS. 

Liver abscess. —Amcebic abscess of the liver is of rather frequent 
occurrence in the Tropics and subtropics and is encountered sporadically 
in nearly all parts of the world. More than 95 per cent of all liver 
abscesses seen in the Philippine Islands are of this variety. 
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Frequency and association with intestinal amtehiasis. —-Rogers collected 200 
cases of auuebic liver nbRcess in examining 5,000 miscellaneous autopsy records 
in India. Among 10,(HM patients (from American troops) in the Philippine 
Division Hospital it was diagnosed 31 times (Collin). Strong and Musgrave 
encountered liver abscess *27 times in 400 miscellaneous autopsies performed, for 
the greater part, on American soldiers in tin* Philippines. In the first thousand 
patients, from a eosmopolitan population, admitted to St. Paul’s Hospital, Manila, 
liver abscess was found in 12. 

In the great majority of patients the abscess complicates an unnebic infection 
of the colon and its frequency in this disease is variously estimated as being from 
5 to over 75 per cent of the cases. Councilman and Lalleur collected 48<» liver 
abscess cases from the records of 2,430 autopsies on dysentery, fingers found it 
in about 20 per cent of bis large series; Strong and Musgrave in 23 of 100 fatal 
eases, mostly among American soldiers; Harris in 15 of 05; Futcher, in 27 of 
the 110 in the Johns Hopkins Hospital series; Craig in over 50 per cent of 
3,210 collected cases and in 33.7 per cent of bis own series; Collin in 34 of 850 
among American soldiers. 

In the first 100 cases of aiiuebiasis treated in St. Paul’s Hospital, of which 9 
came to autopsy, it has been found 12 times. The diagnosis in each instance 
was made during life. It occurred 10 times in Americans and Europeans and 
twice in natives of the Philippine Islands. 

In the great majority of eases the evidence that the abscess is sec¬ 
ondary to aimebic infection of the colon is conclusive, but there are a 
number of instances in which it might appear to represent a primary 
amoebic infection of the liver, since the most careful search at autopsy 
fails to show any evidence whatever of a lesion of the bowel. Amoebic 
liver abscess is considered to be a distinct disease. That uirucbm could 
reach the liver in any other way than from the bowel seems improbable, 
and, if wc admit this, there are then but three possible explanations of 
the apparently primary infection of the liver: 

First. AiiHclm* may reach the liver by tin* gall duets. 

Second. They may penetrate the bowel wall without producing ap¬ 
parent lesions; or 

Third. The bowel lesions may have been entirely repaired. 

The lirst. of these propositions is untenable, because aimelue have not 
been found in the gall bladder and ducts or even in the upper part of the 
intestine and, moreover, the undiluted bile is, at least in cultures, toxic 
for amoebic. The second is a possible one, especially when we consider 
Schaudiirs observations and the pathology of the early lesions of colon 
infection, as pointed out by several observers, and recently by Woolley and 
Musgrave. 2 However, the third furnishes the most satisfactory explana¬ 
tion, for it; is well known that the process of repair, even in very extensive 
lesions of the intestine, is often so complete that no macroscopic evidence 
of the disease remains. In whatever manner the mode of entrance may 
he explained, the fact is fully established that amoebic abscess of the liver 

* Publication* liioloyical Laboratory, Bureau of Uovcrnnicnt Laboratories, Manila 
(1905), 32, 31. Also Jr. A. B. A. (1905), 45, Sept. 10 and Nov. 4. 
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may exist without discoverable lesions in the bowel at the time of the 
death of the patient 

Since my previous discussion which touched this subject, 8 one case of 
liver abscess has been encountered, in which the most careful and per¬ 
sistent search failed to give evidence of a previous dysentery, and there 
was no history of antecedent dysentery or diarrhoea. However, similar 
conditions and findings have occurred in other cases in which, some 
months before, there was a perfectly clear history of dysentery. There¬ 
fore, by taking everything into consideration, the conclusion is justifiable 
that the majority, if not all, of the cases of amoebic abscess of the liver in 
which, at autopsy, intestinal lesions were not discernible, occurred in 
individuals who had previously suffered with amoebic colitis, which had 
finally healed, and in which the amoebae reached the liver during the 
period of active ulceration of the colon. 

Relation of liver abscesses to the location of intestinal ulcers .—There 
does not appear to be any definite relation between the occurrence of 
liver abscess and the location of the intestinal lesion, or between it and 
the location of an intestinal perforation, should one occur, although 
the observations of several recent writers and my own indicate liver 
abscesses to be most frequent where there is ulceration of the caecum and 
ascending colon. 

In one series of 27 abscesses, 16 occurred without the perforation of the ulcers 
in the intestine; there were ulcerations in the csccum and ascending colon in 
8; in 1 in the transverse, and in 3 in the descending colon. 

Again, in another series, we have perforations in the caicum or ascending colon 
9 times with 6 cases of liver abscess, and perforations in the descending colon 
8 times with 1 liver abscess. In one scries of 13 perforations of the intestinal 
ulcers, without liver abscess, 10 were below the hepatic flexure of the colon. In 
11 solitary abscesses of the right lobe, the colon was ulcerated throughout in 6, 
and the ceccum and ascending colon alone in 5. In 2 multiple abscesses of the 
right lobe, the intestinal ulceration was general; in 8 multiple ones of right and 
left lobes, the entire bowel was ulcerated, and in 1 solitary abscess of the left 
lung, the transverse colon alone was found, at autopsy, to be ulcerated. 

The location and the number of abscesses .—In over 90 per cent of all 
amoebic abscesses the right lobe is involved, either alone or in connection 
with other portions of the organ. It is the only one affected in over 70 
per cent; and in 40 to 65 per cent of all cases the abscess is a solitary 
one. The most common condition by far, is a solitary abscess situated in 
the dome of the right lobe, and in this connection it must be remembered 
that solitary abscesses are not infrequent in the left lobe, less common 
in the lobus spigelii and that they occur only occasionally in the quadrate 
lobe. In rare instances, also, multiple abscesses have been confined to 
the left lobe, and once I have seen three small amoebic ones in the lobus 

• Publications Biological Laboratory , Bureau of Government Laboratories , Ma¬ 
nila (1904), 18, 112. 



spiff clii alone. Although small abscesses are frequent and larger, soli¬ 
tary ones are occasionally seen in the deep substance of the liver, in the 
great majority of cases they are rather close to the surface, whichever 
lobe is involved. Sometimes, shallow abscesses several centimeters in 
diameter are situated between the dome of the liver and the diaphragm, 
but not extending more than 1 or 2 centimeters into the liver substance, 
the superior surface of such abscesses being entirely formed of a portion 
of the diaphragm. Twice I have seen very shallow, subcapsular abscesses 
of from 4 to 9 centimeters in diameter in other portions of the liver, one 
being situated on the inferior surface. Liver abscesses may vary in size 
from those having a diameter of 1 millimeter or less to the ones which 
fill almost the entire, involved lobe. My records include one in which 
the right lobe was only a shell, containing, at autopsy, over 4 liters 
of fluid. 

Predisposing causes .—Age is a very important factor. It is true that 
amoebic abscesses have been reported in children; Am berg collected 35 
cases of amoebic infection in individuals of this class, with 5 liver ab¬ 
scesses, and there have been several later reports confirming these results, 
but, at least in the Philippine Islands, it is of very rare occurrence. I 
have not encountered a case among a large number of children under 10 
years of age who have been treated for intestinal amoehiasis, nor has one 
been found during several years of general post-mortem work in this 
country. Old age also seems to be somewhat protective, for my records 
show only one case in a man over GO years of age. The disease is by far 
the most frequent in young adults and these records bear out the usual 
statement that males are much more often attacked than females. 

Race seems to play an important part in the frequency of this disease. 
Several writers have noted the comparative infrequency of liver abscess 
in natives of the Tropics, and this is emphasized by the conditions in 
Manila. I have not seen an amoebic abscess in a Filipino. However, 
a few such cases have been observed by J. K. McDill, K. I*. Strong, M. 
Herzog, M. T. Clegg and others in Manila. Intestinal ammbiasis is very 
prevalent among Filipinos. 

The Chinese, owing, no doubt, to their excellent care in food and 
drink, are rarely sufferers from intestinal amoebiasis and, with my 
limited material, no case of abscess of the liver has been found among 
them. 

Alcohol, in my opinion, has been given an overpromincut place as a 
predisposing cause of liver abscess and although my statistics arc not 
conclusive in this respect, it. is certain that many cases are encountered 
among individuals who, without doubt, are non-alcoholics. The unaccli¬ 
mated are particularly liable to develop the disease and it is believed all 
will concede that very few persons drink less in their home countries and 
during the early days of their stay in the Philippines than they do 

later on. 
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The physical condition of the patient, the presence of associated 
disease, particularly of malaria, of the anamiias, and of other affections 
which are attended with intestinal autointoxication and with liver 
changes, naturally suggest themselves as predisposing factors, but definite 
and conclusive data are very difficult to obtain. 

There are also other influences which are not fully understood and 
which may play a part as predisposing factors. Among these we must 
not lose sight of the condition of and the changes in the liver itself 
previous to infection. It may be stated without going more fully into 
the subject at this time that cultural experiments with anuehse, now 
being carried on in this laboratory, indicate that amoebic, abscess rarely 
or never develops in an otherwise normal liver, notwithstanding the 
fact that amoebae may be almost constantly poured into it from an 
ulcerated bowel. It. has already been pointed out in a previous paper 
that rational treatment has brought about a great relative decrease in 
the frequency of liver abscess as a complication of the intestinal infection. 

The way in which amu'bw and bacteria reach the liner, and the man¬ 
ner of abscess formation have been a source of much discussion and 
are still in doubt. In the case of multiple abscesses, the evidence is 
fairly conclusive that the portal circulation acts as the means of trans¬ 
mission of the infection and indeed, no other explanation is at all sat¬ 
isfactory. No doubt tliis is also the principal channel by which the 
amoebic are transferred when a single abscess manifests itself, but 
there are also valid reasons for believing that the latter are sometimes 
formed, by the amoeba) following directly continuous tissue. This view 
is strongly upheld by a number of careful observers who maintain 
that amoebae may even at times wander across the abdominal cavity and 
attack the liver at the apex of the dome. The rather frequent occurrence 
of subdiaphraginatie abscesses in places where the liver is not covered by 
its capsule is used as an argument in favor of this hypothesis. 1 have 
seen a few intestines in which the extensive ulcerations and adhesions 
about the hepatic flexure were so clearly associated witli the abscess as to 
suggest direct infection. Other examples showing the disposition to 
wander which the organisms possess, are seen in the occasional amcebic 
pulmonary abscesses and empyemata which occur without liver abscess 
or other abdominal lesions. However, oven after all these rarer occur¬ 
rences have been taken into account there still remains the great majority 
of abscesses the presence of which can only satisfactorily be explained by 
assuming the portal venous system to he the channel of transmission, and, 
when we consider the histologic findings which are derived from a 
study of the intestinal infection, it is surprising that liver abscesses are 
not more frequent. Amoebae, at times in great numbers, may frequently 
be seen in the blood vessels contiguous to the intestinal ulcers; in fact, 
where the lesions are extensive this may constantly he observed. These 
organisms may also be found in blood vessels in the intermuscular septa 



and in other situations at considerable* distances from the macroscopic 
lesions. In addition, amielae have boon reported as occurring' in emboli 
in the portal veins, and since this hud was tirst pointed out by Council¬ 
man and La flour and other observers, 1 have found it to be true in two 
instances, and in neither of those was there abscess or other indication 
of gross amoebic infection of the liver. Therefore, the evidence seems 
to be conclusive that in the majority of cases of well-advanced intentinul 
infection, anurine must almost constantly be carried to the liver, and this 
is particularly true in respect to those in which the thrombosis and 
endarteritis are modified by secondary invaders, if this is so, then 
actual liver infection must, at least partially, depend upon changes in 
that organ itself. However, in accepting such a tentative conclusion, 
a few other considerations must be advanced. The first and most 
important of these, namely, the influence of environment or symbiosis 
.on the pathogenic action of anm?lne, has already briefly been dealt with 
by Musgrave and Clegg. 4 From this work and since that communica¬ 
tion, from experimental data which we have obtained with cultures of 
ammbaj, it seems fairly established that these organisms are amenable 
to changes of environment which at first they would not easily tolerate. 
When such a change lias been made, they are brought back to the original 
symbiosis with an equal amount of difficulty. The power of an amoeba 
to propogatc under new conditions may, to a large extent, depend upon 
the similarity between its new environment and the former one and 
also possibly, although this lias not been proved, upon its ability to 
produce lesions in the tissues. If this should be true of intestinal 
infections it might be equally so of those of the liver, and the occurrence 
of liver abscess would then depend, as it apparently does, not so much 
upon whether arnicine reach the liver or not, but upon whether or not 
the liver environment, bad, by both previous and present sub-intoxication, 
caused by the intestinal environment (see Adami s articles), been brought 
to a condition approaching that of the bowel in which the amoebic were 
acting. This question is an extremely important one because in its 
answer by the use of cultures lies the possibility of an explanation of the 
exact mode of action of amieba* in producing pathologic lesions. For 
work of this class the liver is a much more suitable organ than the 
intestine, because of the large variety of bacteria and other unknown 
influences in the latter. At present all of my work being carried on 
in conjunction with M. T. Clegg, of this laboratory, and in St. Paul’s 
Hospital is in the. direction indicated above, but the results so far obtained 
do not justify further statements. 

Mouton, working with cultures of simusha*, opened up another approach 
to this subject by studying the action of various serums upon "anucha 
diastase.” 

4 Publications Biological Laboratory , Bureau of Government Laboratories, Ma¬ 
nila (1004), 18, 1. 
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The specific cause of this type of liver abscess is Amoeba coli , either 
acting alone or in association with certain other micro-organisms. These 
parasites are constantly present in the contents or walls of true amoebic 
abscesses and no apparent differences are found between the amoeba) 
encountered here and those scon in the intestine. They may be the only 
organisms to be observed in the abscess at any time, or both amoebae and 
bacteria may be present throughout the course of its growth, or, again, 
bacteria may be associated with amoebic in the early lesions only to 
disappear at a later period. Both amoebae and bacteria are often in the 
end not found in the contents of abscesses in which they were present at 
the beginning. Frequently the bacteria produce alterations, particularly 
in the nature of the lesion, so that it ultimately may more closely resemble 
a bacterial abscess. The bacteria which are encountered are of several 
different varieties. S. pyogenes aureus and B. coli are the most frequent; 
streptococci, pneumococci, B. pyocyaneus and several others have occa¬ 
sionally been found. 

Bacteria are much more commonly associated with amoebae in multiple 
abscesses than they are in solitary ones. This fact has been pointed out 
by Rogers and others and these observations are confirmed by the findings 
in the Philippine Islands. Multiple abscesses, sterile according to culture 
and animal inoculation, are occasionally met with, blit Ibis occurrence is 
much less frequent than it is in the large, solitary ones. In consider¬ 
ing the reasons for this condition, several circumstances must be taken 
into consideration. Multiple abscesses are usually smaller and of shorter 
duration than are the single ones, and it is probable that, were oppor¬ 
tunity offend at an early stage for bactcriologic study of solitary ab¬ 
scesses, more of them would show bacteria. In fact, to judge from the 
behavior of amoebic on artificial media, it would hardly seem as if these 
organisms would be able to reach the liver, free from bacteria. No doubt, 
multiple abscesses are usually transmitted through the portal vessels, 
and under those circumstances bacteria within and attached to the amoeba) 
have a better opportunity of living and of multiplying than they would 
in some of the cases in which they probably reach the liver by directly 
continuous tissue. 

A determination of the time of development of liver abscesses with 
reference to the bowel infection is not possible in the majority of 
instances. This is largely due to the slow development and absence of 
early symptoms in both diseases, however, the evidence tends to show that 
abscess may develop at any time during the intestinal infection. The 
literature on liver abscess in dysentery contains references to abscesses 
which have developed from a few days’ time after the onset of the dysen¬ 
tery to those in which the affection was first diagnosed twenty-one years 
after the beginning. These records are based upon clinical evidences as 
given by the diagnosis of both the disease of the colon and of the liver, 
and therefore they are absolutely valueless in determining the only 
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question worth considering, namely, the shortest and the usual time 
elapsing between the development ol’ the intestinal infection and the 
formation of the abscess. It has already been shown in previous papers 
that the appearance of diarrhoea and of other dysenteric symptoms bears 
little relation to the actual duration of the intestinal disease, and similar 
conclusions are true of the liver infection. The course of the disease, 
as will presently be shown, is slow and the diagnosis of uncomplicated 
abscesses is not usually possible at an early period. 

The course and termination of amoebic liver abscess are both most 
certainly influenced by the bacteria which may be present therein. 
Multiple abscesses showing combined amoebic and bacterial infection, 
develop quite rapidly, and they usually terminate without perforation 
in the death of the patient, with a septic temperature. The same type 
when it is of purely amoebic etiology, has a slower course, the toxannia 
is not so great, and patients often die of intercurrent trouble, with or 
without perforation of the abscess. In large single abscesses the course 
is still more chronic than in the latter case, and here also bacterial 
infection influences the variation and the outcome. It. is undoubtedly 
true that, at times, patients having large, single amoebic abscesses of the 
liver remain in fair general health for several years. 

Amoebic abscesses in general terminate in several ways. Where bac¬ 
teria are associated with am mine, death may result from sepsis. A 
general amyloid condition is sometimes encountered at autopsy, as a result 
of the chronic sub-intoxication often seen as a sequel of large abscesses. 
Single ones are sometimes arrested and encapsulated, and may only be 
discovered at autopsy, years afterwards, or again they may completely 
heal. However, perforation is the most common termination, particularly 
of single abscesses, or of eases in which there are only a few large ones 
present and this may take place either externally or into any of the con¬ 
tiguous structures. By far the most frequent perforations are into the 
right lung or pleural cavity or into both. However, empyema of the left 
side, or pulmoniiis may also occur, and this must be borne in mind as a 
possible favorable termination of abscess in the left lobe of the liver. 
The diagnosis of abscess in this location is much more difficult than 
when it occurs in other situations and surgical intervention is less likely; 
therefore, a larger percentage of these abscesses ruptures than of those 
of the right lobe. Perforations also occur into the abdominal cavity, 
intestine, stomach, vena cava, pericardium, retroperitoneal tissues, psoas 
muscle, kidney, urinary bladder, gall bladder, or spleen. I saw one 
ease in the Army and Nnvv Hospital, Hot Springs, Arkansas, with per¬ 
foration into the right pleural cavity, right lung, and externally through 
the skin. This patient recovered. 

Symptoms and diagnosis The clinical picture varies greatly. Some¬ 
times a large abscess may develop but slight symptoms and the diagnosis 
is not always possible even by exploratory puncture; however, in the 
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majority of instances the clinical findings will justify a diagnosis, which 
may be confirmed by evacuating a portion of the contents of the abscess 
through an exploring needle. Experience teaches the physician to be 
conservative in making these diagnoses during life, because fever, en¬ 
largement of the liver, pain, and the other common symptoms and the 
usual results of blood examinations may be quite well marked without the 
presence of an abscess, and again, a fairly large abscess may show almost 
no symptoms, even after a most complete and careful examination. 

Physical signs .—The liver usually shows some enlargement, partic¬ 
ularly if the right lobe is involved, and Osier has pointed out that this 
enlargement is usually more upward than it is downward. However, 
this condition is not so important in the Tropics, where some enlargement 
of the liver in foreigners and others most liable to abscesses is of rather 
frequent occurrence—the so-called “tropical liver.” However, not' infre¬ 
quently rather extensive liver abscesses are found post-mortem, without 
any appreciable enlargement of the organ. 

Fever —remittent, intermittent, or continuous—is usually present, but 
sometimes the temperature remains normal throughout the course of the 
disease. Septic temperatures are probably always due to mixed infec¬ 
tions of amoeba) and bacteria in the abscesses. Two cases without fever 
at autopsy revealed solitary sterile abscesses of the right lobe. The fever 
is not at all characteristic. Not only may it be of any type, or on the other 
hand entirely absent, but the exclusion of other ctiologic agents to which 
its production may be clue is not always practicable. I desire to call 
particular attention to the fever which may also be caused by non¬ 
suppurative trouble of the liver. This is often present, and with 
local inflammatory conditions and adhesions about the hepatic flexure it 
makes a very deceptive picture. Rigors and sweats are usual with septic 
eases. 

The blood count .—The number of the leucocytes and, particularly, their 
differential count, is generally given an undue importance in the symp¬ 
tomatology of this disease, in the Tropica. Neither of these arc? of very 
great value in diagnosis. The intestinal infection is often responsible 
for a leucocytosis, which, when the associated bacterial infection is such 
us to give rise to acute dysenteric symptoms, may even reach above 
20,000 for days or weeks at a time. Sometimes, with but slight intestinal 
symptoms, a moderate leucocytosis may be due to localized inflammation 
about the hepatic or splenic flexures or the caecum. Frequently, all the 
suspicious symptoms of liver abscess, including the leucocytosis, disappear 
permanently after a few saline purges and large quinine enemas. 

The pain of amah it? abscess is rarely acute and is not so frequently 
referred to the shoulder as it is in other kinds of abscess or in that of 
mixed infection. In the solitary, sterile abscess the pain is more of the 
nature of a general soreness over the liver and tenderness is usually found 
on pressure over its lower border or over the gall bladder. When the 
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abscess is of the sub-diaphragmatic typo, pain is usually increased by a 
change of position, particularly bv lying on the left side or by standing. 
In one case this dull, sore pain on standing or lying on the left side was 
the only subjective symptom of a subdiaphragmatie abscess; and this 
symptom disappeared before the diagnosis was made as a result of the 
perforation by the abscess into the lung. The local pains are most pro¬ 
nounced in superficial abscesses accompanied by perihepatitis, and the 
radiating ones in deeper disturbances and in septic conditions. As has 
already been mentioned, intestinal infection with inllammation and adhe¬ 
sions about the upper flexure of the colon may, in these instances, be 
deceptive. 

The respiratory system .—Where abscesses rupture into the lung or 
pleura disturbances occur in the respiratory system. This is also the case 
when there is inflammation between the liver and diaphragm, or between 
the diaphragmatic and parietal pleura 1 , a condition which sometimes occurs 
without actual extension of the liver abscess into the chest. No difficulty 
will be found in diagnosing an amtnbie empyema. The lung is frequently 
the seat of lesions caused by rupture of the liver abscess and the diagnosis 
can be made by finding the parasites in the sputum. 

Jaundice of a marked type is rare in solitary abscesses, and not very 
frequent in multiple ones. A slight subichteric tinge is quite common, 
but this is equally so in the non-suppurativc hepatitis often associated 
with intestinal diseases. Except in septic conditions, there are no 
stomach symptoms of importance. There may or may not be nausea and 
there rarely is vomiting. One very important point which has not been 
properly emphasized is the influence which liver abscesses frequently 
exert on Ihe intestinal symptoms. An increase in the number of the 
bowel movements during the development of abscesses is, to say the 
least, sufficiently common io be suggestive, and fhe removal of the liver 
pus by operation is nearly always followed by a temporary improvement 
in the number and character of the bowed movements. 

Summary .—The symptoms of amiebie liver abscess vary greatly and 
may entirely be absent for long periods of time—sometimes for years. 
The diagnosis of the disease depends more upon the general picture, after 
excluding other diseases, than upon any system of direct examination. 
In the Tropics, the symptoms of an aimcbie liver abscess may largely 
be the result of other conditions and diseases present at the time, and 
therefore these symptoms sometimes exist without liver abscess. In all 
cases the diagnosis should lx* confirmed by exploratory puncture and it 
must not be forgotten that even by this means a large abscess may not 
be located after very persistent use of the exploring needle. The diagnosis 
during life or before perforation is sometimes impossible and this is 
particularly true when the abscess is situated in the smaller lobes of the 
liver and ill other inaccessible places. Except to differentiate between 
a. situation in the right or left lobe, exactly to locate the abscess is 
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rarely possible, although this may occasionally be done by close, persistent 
observation and study. 

The prognosis in multiple, inoperable, and septic abscesses is bad. In 
the solitary abscess which can be located, it is very good when the patient 
is in the hands of a competent surgeon. The treatment is surgical. 

Abscess formations in locations other than the liver are occasionally 
seen. They most commonly result from perforation and may occur 
anywhere in the region of the colon, from the rectum to the cweuin. 
Perhaps the most common location is near the csecum where, if abscess 
can be diagnosed, operation offers good chances of recovery. These 
lesions vary greatly in size and often in their development involve impor¬ 
tant structures such as the peri-renal tissues, the psoas muscle, the 
appendix, the abdominal wall, and sometimes the kidney itself. Large, 
ischio-rectal abscesses may occasionally result from a perforation in the 
rectum and in one such case, which will be discussed below, a large 
quantity of amoebic pus was evacuated. Abcesses occurring along the 
descending colon may be of a dissecting type and cases may be seen at 
necropsy, where, owing to perforations, adhesions, and ulceration, the 
entire intestinal wall may have sloughed away leaving a continent 
channel partly formed by the abdominal wall and adjacent structures. 
In rare instances, small abscesses formed and held in place by adherent 
omentum may be encountered on the anterior surfaces of the colon. One 
found in the descending colon at autopsy contained about 20 cubic 
centimeters of pus. Abscesses have also been reported in the parotid 
gland, the floor of the mouth, the brain, etc. 

Gastro-intestinal complications are very frequent and the after 
effects of dysentery on the upper portion of the alimentary tract arc; 
still more important. However, in the Tropics, a variety of disorders 
and diseases of this system are so frequently met with that it is very dif¬ 
ficult to determine just how specific the relation to amoebic infection is and 
just which of the various troubles are most dependent upon this specific 
parasitic infection. Amoeban arc rarely found in the alimentary tube 
above the ileo-caecal valve, and it is probable that the majority of diseases 
encountered in this portion of the bowel art* not in a direct way dependent, 
upon the amoeba?, but rather upon the associated disturbing factors 
which so frequently attack the colon itself. In other words, the amoebic 
infection is usually a compound one and some of the symptoms in the 
colon and the majority of those above that portion of the bowel are due 
to agents other than the amoeba?. Most of the gastro-intestinal complica¬ 
tions of amcebiasis develop rather late in the disease and may more 
properly be considered as sequela?, or after effects, but some should also 
be mentioned here. 

Cancrum oris has frequently been pointed out as a complication in 
dysentery and it is occasionally seen in the amoebic variety; however, 
it is perhaps met with less frequently than in the catarrhal, Shiga, or 



550 


streptococci types. It is of course most often observed in the terminal 
dysenteries occurring in the course of Bright’s disease, diabetes, etc. 
Formerly this complication was seen more often in the Philippine Islands. 
Its disappearance has boon due largely to the better care and treatment 
it is possible to give patients now than it was formerly. It is not clear 
or probable that Cancrum oris is directly associated with a specific infec¬ 
tious colitis in any form; it appears rather to be more dependent upon 
constitutional conditions. 

Stomatitis and esophagitis occur more frequently as after effects of 
the disease, but sometimes do exist during its earlier stages. Superficial 
ulceration of the mucosa is the usual type of both those conditions and 
they are apparently always associated with lesions in the stomach and 
small bowel. Clinically, these are very important complications because 
they often are present before the gastritis and enteritis are marked enough 
to indicate the general condition of the tract. The appearance of the 
stomatitis is always a signal for more careful treatment, or the general 
condition of sprue will be the sequel. 

Stomach disorders are particularly frequent in Manila and naturally 
are often associated with amoebic disease in a casual manner. However, 
in addition to this, there is more frequent and undoubtedly mutually 
dependent association between the two conditions, particularly in the 
later stages of a prolonged amoebic infection. The stomach symptoms 
which most interest us here are those of gastritis, gastralgin, and gas¬ 
tric ulcer, (lastralgia is particularly frequent and may be present 
with but a mild amoebic infection. The different types of gastritis 
with achylia gastriea and hyperchlorhydriu are seen and gastric ulcer 
is relatively more frequent than in other diseases. All these condi¬ 
tions, together with nausea and indigestion, are undoubtedly made worse 
by rectal irrigations. In gastric ulcer it may occasionally be necessary, 
if indeed not always wise, to suspend large colon irrigations. In two cases 
of this combination recently studied in St. Paul’s Hospital, gastric hemor¬ 
rhages ceased with suspension of the colon irrigation which was being 
employed in the treatment of the dysentery. Tlyperchlorhydria is, as 
a rule, also much aggravated by colon lavage. 

Enteritis occurs with about the same regularity and in the same class 
of patients as does gastritis. In addition to the stomach troubles, it is 
one of the most important complications of the disease because of the 
ultimate results due to lack of assimilation of food. Reversed peristalsis 
from local treatment of the dysentery is not uncommon and often very 
annoying. 

Renal complications, and particularly haemorrhoids, are frequent, while 
fissures and fistulas occur less often. Hemorrhoids are usually aggra¬ 
vated by treatment, and in some instances seem to owe their origin to it. 

Complications of the large bowel are perhaps the most interesting and 
frequent, and the least written about. Particularly may be mentioned 



dilations, contractions, and cicatricial formations of the bowel; other 
types of infection and of dysentery, such as the specific bacterial, gangre¬ 
nous, diphtheritic, catarrhal, and miscellaneous types; and those terminal 
ones to be seen in nephritis and other constitutional diseases. 

Dilation of parts of the colon are frequently encountered and almost 
general dilation is occasionally observed post-mortem. ‘ The latter condi¬ 
tion may also be diagnosed during life. Whether they arc either general 
or local, dilations are made possible by the relaxation of the circular and 
longitudinal muscular bands of the intestine. In advanced cases the 
bowel takes on the appearance of a smooth tube with partial or complete 
absence of the rugae and folds. The picture is rather that of a post- 
dysenteric process than that of a complication during the active stages of 
the disease. However, it is also seen as a complication at times. One 
patient who' died recently in St. Paul's Hospital showed this condition 
in a marked degree. The amoebic disease was probably of several years* 
duration, and death was due to an acute streptococcal dysentery lasting 
only a few days. At autopsy, the width of the opened bowel measured 
on an average 15 centimeters, and in the caumm it reached 20 cen¬ 
timeters. The clinical manifestations of such dilation are interesting. 
When it occurs early in the disease it is usually, if not always, associated 
with troublesome gas collections in the bowel and a tendency to constipa¬ 
tion, but as an after effect, the sprue diarrhoea is its constant associate. 
Deep, undermined ulceration is rarely found in an intestine of this nature 
and it does not appear, as might be supposed, that intestinal irrigation 
has to do with its production. 

Cicatricial contraction from healed anuebic ulcerations is observed less 
frequently in the Philippine Islands than it is stated to be in other parts 
of the world. It is occasionally seen in a moderate degree, and sometimes 
to such an extent as to cripple the* bowel function, but on the whole it 
is of but little importance as a complication in this country. 

Other dysenteries and bowel diseases complicate annebiasis with great 
frequency and have not received the careful study which their importance 
merits. The acute bacterial dysentery (Shiga) has not been very fre¬ 
quently encountered in the Philippine islands for some years, but there 
have been undoubted cases where it has complicated the amoebic infection 
and others where it has preceded or followed such disease. The combina¬ 
tion is an exceedingly difficult one to treat; the pathologic picture is 
modified and the diagnosis difficult on account of the tedious methods 
necessary for the isolation of H. dysenteries from the stools. The serum 
reaction is not of very great clinical value. The bacteriology of all of 
the acute dysenteries is not known, but there surely are organisms, in 
addition to Shiga*s bacillus, which under proper conditions play an 
important etiological role. It is also likely that this group is greater in 
the Tropics than in the temperate zones, and also possible in these 
regions that there is an increased virulence of some of the well-known 
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organisms, perhaps caused by their changed environment, and also a 
decreased resistance on the part of the patient. The possibility of the 
influence of symbiosis with animal parasites on the virulence of such 
organisms as the colon bacillus needs to be elucidated. .Whatever the 
etiologic factors may be, it is a fact that the engrafting of acute dysentery 
on an ole] amoebic process is of quite frequent occurrence in the Philip¬ 
pine Islands. The character of the amoebic lesion is too far removed 
from those seen in such conditions as to admit of any other interpreta¬ 
tion than a double etiology. Diphtheritic, gangrene, folliculitis, etc., 
arc common complications and bear little or no relation to amoebic etiol¬ 
ogy. The ulcerations iji the terminal dysenteries in nephritis, diabetes, 
splenomegalies, cirrhosis of the liver, and other diseases may, as pointed 
out in previous publications, complicate ammbiasis and alter the clinical 
picture, pathology, and prognosis very materially. 

Finally, there remains to he mentioned here the association of intestinal 
parasites, such as parunweia, strongvloides, oxvuris, trichomonas, eircom- 
onas, megastoma, tarn in, trichuris, ascaris, and others with am mine. Some 
of those parasites, particularly Balantidium coli and Slronyyloides intes- 
tinalis are now quite generally acknowledged to be pathogenic parasites, 
but many others are likewise considered to be harmless. However, I 
believe the almost unanimous concensus of opinion of the careful, exper¬ 
ienced workers in Manila is voiced in the statement that some of these 
so-called harmless parasites are disease producers. For example, many 
men here recognize a diarrhoea caused by monads. Several types of these 
parasites, when present in large numbers, are very intimately connected 
with chronic diarrhma and they are surely much more important than 
they are generally considered to he. 

Megostoma entcricum (Lamhlki intestinal is) deserves particular notice. 
It is often found and, when encountered in great numbers, it is always 
associated with chronic diarrhoea, which disappears with the destruction 
of the parasites. In my opinion, this Hagellate bears a decided causative 
relation to the diarrhoea. Even the Trichuris trichuria certainly produces 
small, haemorrhagic sprtts where it adheres to the mucosa of the crccum 
and some of these, as in a case now being studied, arc closely associated 
with very early amoebic lesions. Whatever pathological significance may 
be attached to these parasites in general, some of them, particularly the 
actively motile ones, such as monads, surely aggravate amoebic ulcers in 
which they may be present. 

Perforation of intestinal ulcers is one of the very frequent complications 
of untreated and of fatal eases, but is comparatively rare when proper 
therapy has been instituted early and followed persistently. Jhese per¬ 
forations may occur in various places and give rise to acute general 
peritonitis, localized peritonitis, or abscess formations. 

Strangulation of either the large or small' intestine may occur from 
several causes. Partial or complete strangulation from external pressure 
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by fibrous bands following localized peritonitis deserves special attention 
because it is not so infrequent and because it has previously received but 
slight consideration. Rogers mentions a eas§ of strangulation of the small 
intestine from such a cause, and I have observed several cases, post¬ 
mortem, in which such bands were placed in a manner in which they 
must materially have interfered with the function of the organ. These 
conditions may exist in any portion of the colon, but they are most 
common below the splenic flexure ; one case has been encountered where 
an hourglass contraction of the caecum was due to such a cause. The 
omentum is a factor in the majority of those cases because it is the 
important agent in the localized peritonitis which is very frequent in the 
disease. Many of the fibrous bands are formed principally about the 
omental-intestinal adhesions. Except in very rare instances, these con¬ 
tractions do not produce results which contribute materially toward a 
fatal termination of the disease, but, on the other hand, they are the 
cause of certain symptoms, both during the course of the disease and 
afterwards, in patients who recover. The symptoms usually are not 
of such a nature as to allow of a definite 1 diagnosis of the condition, nor 
arc they of very great importance, excepting where some other condition 
is to be excluded. 

Intestinal hemorrhage is a comparatively rare complication of amaibic 
infection, as is to he expected from the histologic picture which is 
produced, such as the well-known thrombosed condition of the blood 
vessels within and closely surrounding the lesions, and the more or less 
well-marked endarteritis which is usually present. Haemorrhage has 
been noted in a general way by several writers, but its importance as a 
factor to be reckoned with in the prognosis and treatment of the disease 
has not, until recently, received very much consideration. Attention 
had boon called to it, in dysentery, by Woodward, Scheubo, Manson, 
Sodre, Osier, Lafieur, Ranaud, and others, hut its special importance in 
relation to amoebic dysentery has been emphasized by Lafieur, Haaslor and 
Strong. .The association of these haemorrhages with liver abscess has 
also been noted by Woodward, Haaslor, Strong, and Mugliston and Freer. 

Hauslcr 8 briefly reported three cases of severe intestinal hieinorrhage in amoebic 
dysentery, in two of which the hemorrhage was considered to be the cause of 
death. The author notes particularly that in both of these cases there was liver 
abscess and in one, with death after a loss of over 4 liters of blood, a thrombosed 
vessel was found in one of the ulcers. Strong 8 again emphasized the occurrence 
of severe intcstinnl haemorrhage as a fatal complication of atmebic dysentery, and 
reported to the Manila Medical Society November 2, 1902, two eases of amrebic 
dysentery and liver abscess in which severe hemorrhage was the cause of death. 
One of the patients lost more than 2 liters of blood in repeated haemorrhages during 
the three days preceding the end. At necropsy the source of haunorrhage was 

8 JIaasler: Deutsche Medicin. Wochcnschr . (1902), 28, 20 and 47. 

"Strong: Publication* Biological Laboratory , Bureau of Government Labora¬ 
tories (1905), 32, 1. 



found in n thrombosed vessel oeeurrin^ in an ulcer situated about 5 centimeters 
below the ctecuin. Jn his other ease the. point of Inemorrha^e was not located at 
autopsy. He also later reported, two more similar eases, again emphasizing the 
presence of liver abscess, in one of these lie called attention to the delayed 
coagulation time of the blood. 

Mugliston and Freer 7 report two eases of aimrbinsis with abscess of the liver 
and fatal intestinal haemorrhage. Both of these had septic temperatures and 
in one, jaundice during life was noted. 

I have seen 011 c fatal and four other eases of severe intestinal 
haemorrhage in ameebiasis without liver abscess. In the fatal ease, a 
native prisoner, the ameebiasis was associated with Banti's disease and 
the hemorrhage was both gastric and intestinal. One patient, with two 
hemorrhages aggregating about 1,200 oubie centimeters of blood in 
twenty-four hours, also bad an amoebic, ischio-rectal abscess. In one, 
with repeated small hemorrhages, then? was also tuberculosis of the* 
bowel and in the remaining two there was some severe secondary invader 
in the intestine, as was shown bv the severity of the symptoms, which 
included fever, tenesmus and depression, conditions which probably do 
not occur in uncomplicated amoebic in feed ions. 

Strong discusses the relations between liver abscess and severe fatal 
haemorrhages and refers first, to the question of whether the destruction 
of such large amounts of liver tissue may not sometimes bring about 
serious functional disturbances in this organ and lead to a condition 
which predisposes to haemorrhage; second, to the mechanical interference 
caused to the portal circulation; third, to the relation between hemor¬ 
rhage and various other diseases of the liver, particularly when jaundice 
is present ; fourth, to the diminished coagulability of the blood ; and fifth, 
to special bacterial (toxic) activity. He also suggests the occasional pos¬ 
sible diagnostic importance of such lucmorrhages in liver abscesses. 

I am of the opinion that the association between aimcbie liver abscess 
and hemorrhage is because of an interdependence! upon a common condi¬ 
tion which is discussed more fully under abscess of the liver. Jt will be 
noted, in looking over the literature of intestinal haemorrhage in dysen¬ 
tery, where the records- arc specific there is often evidence? of severe 
infection which can not be attributed to arncebie, and this is particularly 
true in the cases associated with liver abscess. Strong’s and Mugliston’s 
and Freer’s cases had slight jaundice; there was fever and other evidences 
not found in amoebic infection without the presence of some other etio- 
logic agent and which, by their action, might bring about the general 
conditions which favor intestinal luemorrhage in other diseases. In dis¬ 
cussing the etiology of these luemorrhages we must not lose sight of the 
condition of the intestine, particularly with reference to the nature of 
the secondary invaders which may he present. I he majority of the 
eases which have been reported were in infections of a gangrenous or 

7 Muglfaton and Fronr: Jour. Trap. Med. (1905), 8, 113. 
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diphtheritic or other very severe type, the lesions in which were clearly 
not due to the action of the amoebae. We know that such agents may 
alter the whole type of an amoebic lesion and bring it histologically nearer 
those in which bleeding is a more common occurrence. 

The symptomatology and treatment of intestinal haemorrhage caused 
by amoebic ulceration is the same as when it is due to other causes and 
need not be entered into here. 

Sloughing of the mucosa is preeminently a complication of this 
disease and in untreated cases is fairly frequent. The sloughs may be 
of any size, from small shreds to casts of the bowel several centimeters 
in length. Sometimes at autopsy, considerable areas are seen completely 
denuded of mucosa. 

Amcebic appendicitis. —Involvement of the appendix in amoebic in¬ 
fection of the colon has been noted by several writers. It has already 
become a subject of considerable importance in the Philippine Islands, 
and the larger number of patients returning to the United States 
from Manila and other tropical countries makes it of considerable im¬ 
portance to the profession at home. In my first report 8 of 150 post¬ 
mortem examinations of fatal cases of intestinal amoebiasis, 100 of which 
were from the records of Strong and myself, 6 per cent showed amoebic 
lesions in the appendix and in 7 per cent more there were other lesions of 
this organ and 1 case had amoebic ulceration engrafted on an old, chronic; 
appendicitis of other etiology. In a second series of 100 fatal cases 
reported by Woolley and Musgrave 8 there were 8 with amoebic lesions 
in the appendix and in all, as in the first series, the lesions appeared 
as a continuation of an amoebic process in the cajcum; in the last 
series they also appeared in the small intestine, just above the ileo-caseal 
valve. The above and many additional pathological data which have 
been obtained, together with a large amount of clinical material, is the 
basis for the present consideration of the subject. 

Etiology .—The disease is much less frequently met with at autopsy 
than one would suppose, judging from clinical observation. It was for¬ 
merly more common than it is now in the Philippine Islands. This 
decrease is largely due to the more general early diagnosis and successful 
treatment of the colon infection at the present time. It is nearly or quite 
always an extension of the amoebic process from the crecum and shows 
a specially marked relation to infection on and above the Bauhinian 
valve. It probably does not often develop early in the disease, for 
it was not present in a single one of 25 early cases reported by Wool- 
ley and myself,* in which death was caused by intercurrent diseases. 
It most often attacks an otherwise normal appendix and but rarely one 
already crippled by former disease, and it is very much more frequent in 
severe dysenteric infection, with intercurrent diphtheritis, gangrene, etc. 


•Loc. oit . 
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Morbid anatomy. The lesions of the amcebic process in the appendix 
resemble those found in the bowel, but they are usually smaller and more 
superficial. Microscopically, the same general picture including throm¬ 
bosis of the vessels, is seen. As in the colon, the ulcers are rarely along 
the meso-border but they sometimes may extend entirely around the 
mucosa. The appendix is most often patulous, with a rather large lumen, 
and concretions arc exceptional. External evidences of inflammation are 
not very marked; as a rule, they consist of moderate engorgement and 
injection of the vessels. 

Symptoms and diagnosis. —There is not very much to add to the 
general symptomatology as given in a previous communication.® The 
clinical manifestations in general resemble those in appendicitis from 
other causes, but are as a rule less severe. There is less rigidity of the 
abdominal muscles, the tumor mass is not so sharply circumscribed, and 
the fever and general prostration are less marked. However, cases may 
be of a fulminating type and are then not to be distinguished clinically 
from other types of appendicitis, but then these, like very acute intestinal 
symptoms, are due more to secondary invaders than to the amoebic 
infection. Appendicitis, in no way caused by amoeba*, may occur in a 
patient suffering from am cubic dysentery. The leucocyte count is not 
of as much value in amoebic appendicitis as it is in other types, because 
the intestinal infection plays too uncertain a part in the variation of 
the number of the white cells. The following pathologic changes found 
in intestinal anicebiasis may give clinical symptoms closely resembling 
appendicitis and must he taken into account in a consideration of the 
subject: 

(1) Severe amoebic infection of the colon or cjecuin and ascending 
colon. 

(2) Infection of the lower ileum with the ciecum. 

(3) Acute, localized peritonitis about the caecum, ascending colon, or 
hepatic flexure. 

(4) Pericaeeal amoebic abscesses. 

(5) Neuralgia, gaseous distention, and ftecal accumulation in the 
caecum. 

(6) Acute catarrhal appendicitis. 

(7) Chronic recurrent appendicitis. 

(8) Chronic recurrent appendicitis with secondary amoebic infection. 

(9) Amoebic appendici tis. 

(10) Any combination of the above conditions. 

The first of these conditions is a very frequent one in Manila and super¬ 
ficially at least, it closely resembles appendicitis. The differentiation, 
however, is not, as a rule, difficult upon careful clinical examination by one 
familiar with all the conditions. The fever, leucocyte count, nausea, and 
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vomiting (particularly if the patient is taking enemas), abdominal ten¬ 
derness, etc., may indicate appcndicial involvement, but the history of the 
case, careful palpation and percussion, lessened or absent rigidity of the 
abdominal muscles, the area and diffuscncss of the tenderness and the 
location and character of the tumor mass, make the diagnosis fairly easy 
in the majority of instances. This is the class of cases where frequent 
and needless appendicoctomics are done by some physicians with more 
surgical ambition than judgment. Having performed the autopsies on a 
few of these, examined the removed append ices in several, and later treated 
the condition of the bowel in a number of others, I can not condemn 
this practice too severely. The operation in this class of caseR is not only 
useless but dangerous, because of the delay which it causes in the treat¬ 
ment of the condition of tin* bowel. 

Cases which may he classified under the second, third, and fourth 
headings very closely resemble, in clinical symptoms, tin? class just de¬ 
scribed and two or more of the conditions are, in fact, often combined. 
It is not possible to diagnose amoebic disease of the lower ileum with 
certainty. Acute, localized peritonitis and other adhesions about the 
caecum frequently occur, particularly in severe infections and are usually 
quite painful. The omentum is often plastered about the caecum and 
adjacent structures and, when the bowel is empty and there is not too 
much tenderness, the condition should he recognized by the experienced 
examiner. Perieascal amoebic abscesses are usually recognized by the same 
manifestations as are those from other causes; they have a strong tendency 
to spread into the surrounding tissues. 

Gaseous distention and even faecal accumulations in the ccecum are 
frequently met with in patients faking enemas and often give rise 
to a painful condition. The symptoms may be relieved by an active 
cathartic, which should also he used before a final diagnosis of other con¬ 
ditions in the region of the caecum is attempted. Severe symptoms arc* 
often permanently relieved by one or two doses of salts. 

Acute, catarrhal appendicitis may, of course, occur during the time 
a patient is suffering from intestinal amubiasis. This complication, 
curiously enough, is comparatively rare, hut when it is the* case the symp¬ 
tomatology and treatment arc the same as in appendicitis occurring in an 
otherwise healthy person. 

Chronic recurrent appendicitis is no more or no less frequent in this 
disease than in other classes of patients. Hecurronoos in appendices where 
amoebic infection is present are sometimes due to dost: association with 
the diseased ciecum. An amoebic infection is sometimes engrafted upon 
such an appendix, but this is of very rare occurrence and the diagnosis 
is then not only difficult hut often impossible. 

Primary appendicitis is the most frequent type of umccbic infection of 
the appendix. Its clinical manifestations, when there is an occlusion, 
closely resemble acute appendicitis from other causes. These infections 
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are almost always accompanied by an extension of a severe diphtheritic or 
other secondary involvement of the c:ecum. There are a number of 
cases of a very mild type of undoubted aimvbic ulceration of the appendix, 
accompanied by the discharge of materia! through the patent lumen, 
with recovery under medical treatment. Unless there is some severe 
secondary invader, the amcebie lotions are particularly apt to he near 
the ca?cum, and, when more distant, are loss likely to produce serious 
trouble than in any other typo of appendicitis. All varieties of combina¬ 
tions of the ten headings given may he encountered, and to deal success¬ 
fully with them requires a close study of the individual eases and a 
comprehensive knowledge of the subject. 

Frognanis and treatment.—It proper treatment is given, the prognosis 
is usually good in nearly all the conditions mentioned above*, and it is 
particularly so when the appendix itself is not actually involved in an 
acute catarrhal or amoebic infection. However, in quite a number of 
patients when the symptoms which have been detailed supervene in a 
case complicated by very severe diphtheritic or gangrenous ciccum or 
appendix, the outlook is bad, regardless of the treatment. The treatment 
of most of these conditions is medical, under close surgical consultation. 
Large, high enemas combined with saline cathartics and local applications 
permanently relieve most of these patients. When the appendix is 
really involved, although many of these cases undoubtedly get well under 
medical measures, the treatment should be surgical, hut of a conservative 
nature. Great cure in diagnosis should bo used and unnecessary surgical 
intervention carefully guarded against, because the operation of necessity 
delays treatment of the dysentery. This may prove a very serious matter 
and in some instances in Manila has surely been responsible for the fatal 
outcome. The operation of appondocostomy or ca»costomy, as advocated 
by Tuttle and others, might occasionally sene a double purpose* in these 
patients. This operation hjis been performed several times in Dr. Mc- 
DUFft surgical service in St. Paul’s Hospital and.the cases will be fully 
reported by him. 

Anatomic nr si* lac km km ts and ai a i.fo i i m a t ion s, such as ptosis, un¬ 
usually long mesentery, diverticula, etc., may be of serious enough import, 
to be classed as complications. Knteroptosis, consisting of a V-shaped 
descent of the transverse colon which consequently forms a sharper angle 
at the hepatic and splenic Jlcxures of the colon, may become of particular 
importance, due largely to the proneness which these two points have 
to severe aimehic involvement and the dilliculty of securing satisfactory 
irrigation of such a bowel. Such positions of the* transverse colon are not 
infrequently seen at autopsy and are to be at least partially, explained 
either by the increased weight of this portion of the intestine due to in¬ 
flammation or to adhesions between the intestine and omentum and some 
portion of the abdominal wall. Unusually long mesenteries and peculiar 
flexures in the sigmoid and rectum deserve to be mentioned because of 
their importance in the introduction of 1 octal tubes. 
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Acute, general peritonitis usually follows perforation of an ulcer in 
the colon, or of a liver abscess, but this complication does occur without 
any perforation whatever and, on the other hand, perforations of the ulcers 
in the colon may be walled off without general peritonitis. In rare in¬ 
stances, the rupture of a liver abscess into the peritoneal cavity may take 
place without producing general peritonitis. In 100 carefully examined, 
fatal cases of amoebiasis, acute general peritonitis occurred 26 times; 4 
times from ruptured liver abscesses; 20 times k from perforation in the 
large bowel; once from a perforated appendix, .and once without any 
perforation. Of the colon perforations, 8 were in the sigmoid flexure and 
•descending colon; 2 # in the transverse colon and 9 in the ascending 
colon and caecum. In the case of peritonitis without perforation there 
was a combination .of acute and amoebic dysentery. These statistics are, 
of course, from extreme cases and in no way represent the prevalence of 
peritonitis in any other class. Tt is comparatively a rare occurrence in 
patients who are satisfactorily treated and even in an average series of 
fatal cases it will be found much less frequently than it is in the statistics 
quoted above. The symptomatology and treatment of this complication 
needs no comment here. > 

Chronic, localized adhesive peritonitis is one of the most frequent 
complications of the aimebic infection and is found in more than 80 per¬ 
cent of the fatal cases. It may be very slight or very extensive and may 
give rise to all varieties of adhesions which'may occur in the abdominal 
cavity. Some of the most important of these adhesions are of the 
omentum to the various other adjacent structures, such as to the abdominal 
wall, the surfaces of the intestines, the appendix, and particularly to the 
caecum; of the surfaces of the intestine to each other, to the abdominal 
wall, the appendix, stomach, gall-bladder, liver, spleen, etc.; and the 
adhesions between the liver and diaphragm, abdominal wall, colon, and 
even appendix. Many other varieties and combinations are encountered. 
The principal symptoms of these various conditions arc abdominal pain 
and soreness. They may be so slight as not to be noticed, and, again, may 
be overshadowed by pains of other origin during the active stages of the 
intestinal disease. The most annoying manifestation of these adhesions 
develop as an after effect in this disease, and these conditions will be 
further considered when that part of the subject is discussed. 

Phlebitis, emboli, vends thrombosis, and infarctions have been 
reported and infarcts in the liver, spleen, and intestine are sometimes 
seen. Within the last few days multiple, white infarcts of both kidneys 
were found at autopsy in a case of intestinal amoebiasis combined with 
mesenteric and intestinal tuberculosis. 

Pernicious anaemia has but rarely been noted as a complication 
in amoebic disease. I have seen two cases in which the association was 
intimate and an apparent interdependence continued during the course 
of the disease. Both were patients who had contracted their maladies in 



the Philippine Islands and came under my care in the Army and Navy 
Hospital at Hot Springs, Arkansas. It was impossible to determine 
whieh disease antedated the other, hut the elinieal evidence of the double 
infection was conclusive. 'The particularly interesting feature in both 
of these cases was the parallelism between the elinieal manifestations and 
the blood changes aqd the bowel symptoms. Temporary improvement in 
the dysentery was also closely followed by an improvement in the 
anaemia. 

A case of le.uk < : EM i a AND a MCE bio DYSENTERY. —One may be men¬ 
tioned in connection with these two instances: 

This case, like each of the former two, occurred in a discharged volunteer 
American soldier who had served in the Spanish American war in Cuba and 
in the Philippine Islands, and who came under my observation during my 
service in the Army and Navy Hospital at Hot Springs, Arkansas. The apparent 
interdependence of the two diseases in this instance was most striking and was 
studied and confirmed by the late Major Walter Keed, to whom the patient 
was referred. The dysentery was undoubtedly eontracted in Cuba, and enlarge¬ 
ment of the spleen was first noticed about, eighteen mouths later, while the 
patient was serving in the Philippine Islands. The history of the dysentery 
was the usual one of alternating diarrhtea and constipation, abdominal soreness, 
and loss of weight. The enlargement of the spleen was progressive. When he 
came under observation there was moderate emaciation, great weakness, shortness 
of breath, and slight jaundice. The dysentery was very active. There were 
from ten to fifteen stools per day, associated with some blood and mucus, and 
numerous amceba\ The spleen was very large, extending to the pelvic brim 
below and beyond the median line to the right. A blood count showed splenic 
leukemia with 4(»0,000 white cells. As was mentioned when the two eases of 
primary unwinin were discussed, the interdependence in this case between the 
ammbic and leukaonic diseases was decidedly marked, and improvement or 
exacerbation of one disease was followed by a like procedure in the other. This 
same general feature has been noticed recently in the study of splenomegaly. 
There have occurred a number of cases of a combination of nmcebiasis with 
splenomegaly, and the association sometimes seems a close one. 

Chronic rheumatism, both of the articular and muscular types, 
is very frequently met with in Manila and in many instances seems to bear 
a very definite relation to aumdnasis as well as to other severe disturbances 
of the stomach and bowel. Kvcn where alcohol and other recognized 
causative factors have been eliminated, we still have a frequent associa¬ 
tion of the two diseases which is hard to explain without acknowledging 
some form of interdependence. The rheumatic condition is particu¬ 
larly apt to develop in cases of amcebiasis of long standing, and it often 
shows clinical intensity corresponding to and varying with the condition 
of the bowel. In other instances, an old rheumatic condition is rendered 
much worse by an intercurrent dysentery. The clinical evidence is very 
strongly in favor of dysentery being in some way responsible for one 
variety of the symptom complex termed chronic rheumatism. 

The nervous" system, as in the case of chronic rheumatism, often 
shows disturbances intimately associated with amoebic dysentery. Allen 



570 


Starr aiul other eminent neurologists have pointed out the close associa¬ 
tion of certain forms of neuritis and neurosis with disturbances of 
the gastrointestinal tract, and to these must be added amoebic infection 
of tlie colon. Many old, nervous troubles, particularly sciatica , are 
excited by amoebic dysentery, and, in addition to this, the beginnings of 
various chronic types of nervous disease may be traced to the date of a 
previous dysentery. 

Acute chorea .—There are in the literature a few references to choreic 
movements complicating this disease, but, so far, no reference to Syden¬ 
ham’s chorea complicating dysentery of any kind has been found. 1 have 
seen two instances in which the association of true chorea and the amoebic 
infection of the colon was very close. Briefly, these cases are as follows: 

Cask l. Intestinal anurbiasis; rather severe infection; qcute chorea; recovery; 
recurrence of both dysentery and chorea; recovery; typhoid fever without chorea; 
permanent restoration to health. 

Miss X, American, 2 'A years of age, in Philippine. Islands for eighteen months. 
No chorea in family and no previous history of choreic, movements. No history 
of rheumatism, heart, affection, or other disease or tendency to chorea. No 
previous illness of any kind. After about two weeks of indigestion with inter¬ 
mittent diarrhoea she was taken suddenly during the early evening with 
acute abdominal pain and nausea, lly next morning the bowel movements showed 
mucus and blood; there was about 1 degree of fever, ami tenesmus and nausea were 
present; microscopically, the fa'ces contained numerous amoeba*; there was much 
blood and mucus, sloughs and shreds of mucosa of the bowel. She was treated 
during the first forty-eight, hours with cleansing enemas, mild saline laxatives, 
and the pain controlled by Dover’s powders. On the third day acute symptoms 
had so much subsided that she was placed on quinine enemas twice daily. The 
fourth and fifth days were* comfortable, no fever, no nausea, but still considerable 
abdominal pain and rather frequent bowel movements. On the morning of the 
sixth day choreic movements of the bunds were noticed, and by the next the 
movements were general, including those of the face and legs. There was decided 
hesitancy in speech; on the tenth day pain and slight swelling of both ankles 
developed, continued for about twenty days, and gradually disappeared. There 
was, for some days, considerable tachycardia, the pulse counting from 90 to 105 
per minute. The rhythm was a little irregular and a soft, systolic murmur was 
heard at the apex. There w r as no evidence of enlargement of the heart, and the 
murmur disappeared during convalescence. 1 do not believe there were organic 
changes in the heart. The chorea and dysentery subsided together during the 
next three weeks. About six weeks after the onset of the dysentery there was 
a moderate recurrence of this symptom, although treatment hud been continued 
during this time. With the recurrence of the dysentery, there was return of 
slight choreic symptoms, confined to the hands and face, and lasting only a few 
days. Recovery from l>oth the anaebic infection ami/ ciforea was permanent. 
About six months later this patient passed through an atttick of typhoid fever. 
No chorea was seen during this illness, and she has been entirely free from it up 
to the present time, two years since the dysentery. 

Case 11. Neurotic young woman , 2tZ years of age. Chorea in childhood , with 
rheumatism following scarlet fever. A rn cubic sis, severe. Chorea; recovery. 

The interesting factors of this case were the relation of the'attacks of dysentery 
to those of the chorea which developed together. The chorea subsided about ten 
days after the bowel movements had become normal. 
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In both of these eases the intimate relationship between tin? dysentery 
and tlie chorea was such as strongly to indicate that something was being 
absorbed from the diseased bowel which caused nr aggravated the chorea. 
When we remember the close association of chorea and rheumatism, and, 
as just mentioned, that there is also a rather close relation between dysen¬ 
tery and certain eases of rheumatism, the instances described above appear 
in a more natural light. In both the cases treatment was directed to a 
cure of the dysentery. In tho first one the enemas were stopped for a 
few days, as it was thought they might have something to do with the 
trouble, but their interruption was without influence on the character 
or intensity of the nervous disease. 

Albuminuria is very common in long-standing cases of amtebiasis, 
and organic changes undoubtedly frequently exist as late complications 
and after effects. However, excepting the association of the two diseases 
(which has already been discussed) where the kidney trouble is clearly of 
other etiology, permanent impairment of the kidney function does not 
appear to be a serious outcome of the annebic disease. 

Among the other complications of anuebiasis, which have from time 
to time been reported, arc mentioned fibroid degeneration of the heart, 
terminal pericarditis, purpura, gangrenous ulcers of the stomach, mastoid 
abscess, abscess of the brain (Kartulis), pseudoparalysis, gangrene of 
the foot, etc. 

iv. 


AFTER EFFECTS. 

The degree of restoration of function which will occur after the 
most extensive anxebic ulceration of the colon has boon repeatedly 
pointed out. In the majority of well-treated cases of simple aimebic 
colitis there are no serious sequela 1 , and even in some of long stand¬ 
ing, with the passage* of blood and mucus and even of sloughs, re¬ 
generation may bo so satisfactory that perfect function of the bowel 
may be restored. However, sequela 1 are not rare in anuebiasis, and, 
while not of so great a variety as the complications, are nevertheless of 
great importance. Like the complications, they divide themselves into 
sequela* directly due to the amcvbie infection, those due to the complica¬ 
tions of the disease, and those? but remotely connected with the annebic 
disease. This latter group is a somewhat large 1 one, including consti¬ 
tutional disturbances (conditions arising as a result of wasting, lowered 
resistance, etc.), and it: need not hen* be entered into in detail. There 
are several important conditions of the other two groups to he discussed 
of which the first and one of tin* most frequent is sprue. 

Sprue. _ The superficial, clinical picture and the anatomic findings in 

sprue are fairly constant; enough so, perhaps, to justify its consideration 
as an entity, hut the etiology is surely multiple, ami therefore, of least 
etioloyi rally, it must he reyarded as a symptom complex and not as 
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a distinct disease . I have already called attention to this fact in pre¬ 
vious publications, and several additional years* experience have con¬ 
firmed the first observations. This condition is fairly common in the 
Philippine Islands and is becoming more so as the years go by and 
we follow our old, chronic, gastro-intostinal cases to later stages and tho 
autopsy table. It is a clinical picture arising early or late in a variety 
of wasting diseases, particularly in those actively attacking the gastro¬ 
intestinal tract. However, this condition only interests us in this paper 
in its connection with amoebic disease, which, however, includes the major¬ 
ity of cases encountered in the Philippine Islands. It may appear some¬ 
what early, but more usually late in the amoebiasis and often long after 
all evidences of the amoebic infection have disappeared. It is particularly 
liable to develop in those cases of amoebiasis complicated by disturb¬ 
ances of the stomach and small bowel, which have already been discussed. 
The symptomatology is so simple and has been so frequently described 
that it need not be noticed here. The salient points in the pathology 
were given by Woolley and Musgrave. A more complete study of both 
symptomatology and pathology would lead to a consideration of the 
diseases concerned in its multiple etiology; such a consideration has 
always been avoided by those classing it as a distinct disease. It is 
oue of the most intractible conditions to treat which is found in the 
Tropics. This might be expected when we remember the principal 
pathologic changes found at autopsy, particularly the enlarged, thin- 
walled intestine, with atrophied cystic and often papiloid condition of 
the mucosa of the whole gastro-intestinal tube and the relaxation and 
partial destruction of the muscular bands of the bowel, which leave it 
elongated (often increased in length to 2-1 meters), enlarged in diameter, 
and without its natural folds and rug®. Change of climate is necessary 
in most well-established cases in order to secure satisfactory results in 
treatment. Chronic gastro-enteritis does not of course always give rise 
to symptoms of sprue. This depends somewhat upon the nature of the 
etiologic factor and more upon the character of the fermenting bacteria, 
yeasts, and other substances multiplying in the bowel. 

Abdominal pain and soreness persisting for years after amoebiasis, is 
quite a common sequel, and this condition is particularly frequent in 
patients who have had severe and prolonged attacks. It is undoubtedly 
due to areas of chronic adhesive peritonitis formed during the active 
stages of the disease. The symptomatology varies with the character and 
location of the adhesions. The clinical features may resemble a chronic 
appendicitis, when at autopsy none is found. Pains in the region of the 
liver, spleen, stomach, ovaries, and many other locations are met with. 
By far the most common character of the pain is one of general abdominal 
soreness, which is increased when the patient is in the erect posture and 
is relieved by his lying down. Just the reverse of this is also seen, in 



which patients are never comfortable in the recumbent position. These 
pains may last for years after the disappearance of the disease or the}’ 
may recur, particularly after exposure to cold or after violent exercise. 
The writer was, for more than a year aiter recovery from amoebic infec¬ 
tion, troubled with these pains, and even now, more than five years 
since the original disease, a chilling of the abdomen, a slight diarrhoea, or 
an active cathartic will cause a recurrence of some pain. Treatment of 
the condition is not, as a rule, satisfactory. Carefully regulated exercise 
and massage may hasten the adjustment to new conditions and, some¬ 
times with splanchnoptosis, proper bandages and corsets might advance 
a favorable result. 

A considerable number of diseases and conditions already discussed 
under complications, particularly those appearing late in the disease, 
show their most decided results as after effects of anuebiasis. Among 
these are different types of gastrointestinal disturbances in addition to 
sprue, chronic rheumatism, various disturbances of the nervous system, 
genito-urinary system, skin, etc. Therefore, the after picture is a very 
varied one; complete restoration to health is the most frequent outcome, 
but many of these eases go through life crippled by every complication 
which may be seen in other chronic, wasting diseases. The patients for 
the greater part disappear from the Tropics, but an extensive visit 
throughout the United States and careful scrutiny of our increasing 
pension roll will show us some of the awful ravages which this worst of 
all parasitic diseases is making on the American colonizers of the 
Tropics. 10 

50 The inadvertent omission of the discussion of annrbic infection of the urinary 
bladder from this article has only been noticed in reading the proof. This subject 
was discussed by McDill and Musgrave in Medical Jfvw-a, December 16, 1905, 
page 1163. l't will shortly again he taken up with the report of six more cases. 
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This v>ork is a well-written vocabulary of Malay medical phrases and 
lory.ns. Kuropean and American physicians in the East have to depend 
almost entirely upon bedside diagnosis. The author has hero presented 
definitions and interpretations in a concise form. The subjects of his 
conversations include some of the important diseases of the country, 
thus affording to physicians an easy method of procuring a clinical 
history, frequently a valuable asset in diagnosis. 
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